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DECLARATTION.

I hereby declare that the following thesis has been cone
‘posed by myself and contains a record of work done by me.

When I have had to deal with work done by otliers, due reference
hes been made to them in every case. One passage has been

teken from a paper published Jointly with a collaborator, and
it mey be advisable to mention that the paper from which the

Mssage was taken was conposed by me.



PART I.

STERIC HENDRANCE IN KEIONIC REACTIONS,

In 1904 it occurred to me that an interssting example of
steric hindrence was thet found in the case of the addition of
sodium bisulphite to the carbonyl group of ketones. It is well
known that,while acetone easily combines with bisulphites,neither
etophenone nor pinecoline will yield & bisulphige compound.

A research in this branch of the subject seemed to prorise results,
for it would be easy to observe the effect produced by the intro-
duction of methyl groups into the molecule of ecetone; and as

the homologues of acetone are all easily procured, & complete

Series of changes coulld be studied.

On referring to the litereture of the subject, I was unable
‘o find any papers dealing with the point from the practical side;

though Angeli ( Atti R. Accad. Lincei, 1895,5.84) had pointed



out the resemblance between the eddition reactions of bisulphites,

;wdrocyanic ecid and emmonia to carbonyl compounds:

OH
\ \/
C:0 + RHSO5 = c
/ /'\soa
OH5
\ /
o0 + HCN = c
/ /\
CN
OH
\ \/
C:0 + le = C
/- /\
NHz

tnd had suggested thet these reactions were influenced by the
nature of the radicals attached to the carbonyl group.

I have since found that P.Petrenko-Kritschenko ( J.pr.Chem.,
lii],61,431; 62,315; Ber.,54,1699 ) hed done some work in this
brench of stereochemistry; but as his object was different from
nine, B had not traced his papers. My work was thus done without
reference to his; although we arrived at similar results in the
Cases of several compounds. Petrenko-Kritschenko has for a cone
Siderable time devoted hamself to the study of the configuration
of carbon chains; &nd he has used some cases of steric hindreance
in suprort of his views.

In the first instance, my objeét was to estimate,as accurately
88 possible, the effect of replacming the hydrogen stoms of acetone
in turn by methyl groups, using the amount of bisulphite compound

formed in & given time as a measure of the reactive power of the



carbonyl radical in each case. Now since the solubilities of the
‘tisulphite compounds of verious ketones are different, it is evi-
jent thet the estimetion of the amount of bisulphite compound
formed should preferably be carried out in the solution, without
ijsolating the addition product: and this necesssrily implies the
vdoption of some titration method. A reference to the literature
showed that Ripper (uonatsh.,gl, 1079 ) haad devised a method for
the estimation of formaldehyde which depended upon the formation
of a bisulphite addition product. He found that the -S0zNa group
in the bisulphite compound was not oxidéed by & solution of iodine;
so thatthe amount of bisulphite compound formed in any case could
be estimated from the differepnce between the titration values of
g tvo solutions; one of pure bisulphite, the other c.nteining an
equal quantity of bisulphite mixed with the eldehyde.

I epplied this method in the case of the ketonic bisulphite
tompounds, but found that it had certain defedts: the chief one
stising from the presence in the solution of hydriodic acid pro-
duced during the titration; as this acid, if left free} tends to
break up the bisulphite compound, thus rendering the endédpoint
uncertain, With & view to avoiding this, titration of the excess
of the bisulphite with standard alkali was tried, but it was found
that the finl@l slight excess of alkali present wes sufficient
to beeak up the bisulphite compound &s rapidly as the hydriodic
¢cid hed done. This method was therefore abandoned. Attempts were

then made to utilise sodiur bicarbonate to neutraslise the excess



of hydriodic acid in Ripper's method; and solutions of strengths
/teduced from the equations below were tried:
NeHSO; + 3B NeliCOz + Ip = NagS0, + 2 Nel + 2 Hg0 + 3 O
NaHSO0z + 2 ResHCO5 + Ig = NeHS0, + 2Nal + Ho® + 200,

The results were useless, however, so & retuen was made to Ripper's
pethod,

In the first experiments, alcoholic soluticns of the ketones
fere used, but it was founc that owing to the action of alcohol
uwpon the sterch-icdine blue these did not give the best results.
Purely aqueous solutions could not be used, owing to the insolubili-
fw of certain ketones in water; so that & compromise had to be
jmde. It was found best to use as & solvent water to which 20%
; of a8lcohol had been added, and to make M/12 solutions of the ketones.
By this method all the common ketones could be brought into solu-
tion, with the exception of acetophenone,

In the early trials which I made, I chose an arbitrary time
lirit and estimated the percentage of bisulphite compound which
ve¢s formed during & given number of minutes. The results were not
't all satisfectory, and I had some difficulty in arriving at a
good method of estimating the velocity of the resction.

The factors which enter into the problem are: the temperature
of the solution, the decomposition of the bisulphite compound
tfter its formation, and the action of the hydriodic acid genersted
during the titretion. The first factor was disposed of by working

8t 2 constent tempersture. The tendency of the hydriodic acid to



break up the bisulphite compound was, as far as possible, minimised
'by repid titration. By constant practice, I was abl: to combine
this and the personal equation into e comparatively constant factor.
Ihe question of the decomposition of the bisulphite compound was
rore difficult to treat fron the experimentel side; and I was
finally forced to do & series of titrations at frequent intervdls
tnd tben draw curv.s which indicate approximately the rate at
vhich addition is going on at different times. I should like to
point out that Petrenko-Kritschenke hes throughout adhered to the
trbitrary time limit method; and I do not consider that his results
represent the reection velocity with any degree of accuracy.

The detzils of the method rinally adopted were as follows.

of the ketone to be investigatead

Fifty c.c, of an M/12 solutioeg prepared as described, were shaken
in & flask with fifty c.c. of M/12 aqueous sodium bisulphite. 2§
The mixture was then allowed to remain, corked, in a vessel of
ice and weter. Every ten minutes, ten c.c. were withdrawn and
titreted, being kept surrounded with ice-water during the operation.
tThe iodine soluticn used was of such a strength that 14-15 c.c.
vere required to oxidise 5 c.C. of the bisulphite solution. The
relative strengths of the two soluticns were determined at the
beginning and end of each series of titrations., The results ob-
ttined by this method were apparentily accurate to within one per
Cent., after the mixture had been standing for an hour.

It seemed desirable to find some method by meens of which

the general correctness of the results thus obtained could be

contradlled; and for this purpose 1 messured the velocity of oxime



fornétdon in the cese of certain ketones whose velocity constants
'I hed already found in the case of bisulphite addition. I tried
fomeasure the rate of semicarbazone formation, and of the addition
of hydrocyenic ecid to the carbonyl groupj;but unfortunately in
reither case was I able to obtain concordant results.

In the case of the oximes, several methods were tried before
t suitable one was found, the one finally adopted being & modifica-
tion of Meyeringh's method (Ber.,lg,1940) for the estimation of
bydroxylernine. The deteils of the method are as follows. The ketone
solution was made up in the seme way as in the cese of the bisulphite
tompounds, the same concantration, M/12, being used. Fifty c.c.
of the ketone solution were mixed with an equal volume of M/12
iwdroxylamine sulphate solution, and the mixture was left in an
ice~-bath. Every ten minutes, tem c.c. were withdrawn, to whic}
vere edded twenty c.c. of N/5 iodine solution and twenty c.c. of
i/5 disodium hydrogen phosphate solution. The whole was placed
i & water bath for one minute, an the excess of iodine then re-
B2ining was titreted with sodium thiosulphate solution in the
Usual way. The rationale of the method is as follows. The ketone,
In forming an oxime, uses up & certain quentity of hydroxylhmine;
the remaining hydroxylsmine is decomposed by warming with the
lodine solution, and the hydriodic acid thus produced is taken

Up by the sodium phosphate before it affects the oxime; the smount

of iodine left unchanged is then estimated by mezns of the sodium

thiosulphate titrstion, and from it the amount of hydroxylamine



epployed in oxime formation can be deduced., The results obtained
fbythis method also are concordani te within one per cent.; but
the method fails when 2pplied to aldehydes, owing to their ready
cxidation, and also in the case of compounds conteining the group
-CO—CHz-CO- whose methylene hydrogen atoms react with iodine on
Ferninge
The results obtained by both methods are given in the tables
below s
BISULPH1TE COMPOUNDS.

{ bisulphite comp.formed in 10 20 30 40 50 60 70 minute

Ilcetaldehyde 85,2 86.6 81,0 88,7 88,7 88.7 88.7
lcetylacetone 47.1 54.2 60,5 64.0 67,6 70.0 71.8
lcetoacetic ester 37.4 47.0 56,0 60,0 64,0 67,6 67,6
lcetone 28.5 39.7 47.0 53,6 55,9 56,2 58,9
Hethyl ethyl ketone 14,5 22.5 25,1 29.1 32.4 36.4 38.4
kethyl propyl ketone 8.5 11.0 14.8 18.4 19.6 23.4 25,5
lsevulinic ester 7.2 10,0 14.0 15,0 16,5 18.4 21,6
Hethyl isopropyl ketone 4.2 5,4 7.5 8.4 11.6 12,3 13,0
Pinscoline 4,2 5,6 5.6 5,6 5,6 5.6 5,6
lcetome dicarboxylic ester 40.2 55,2 61.C 64,5 68.8 71,2 73.0
Diacetylacetone 14,6 17.8 21,3 23,9 26,3 27.8 ==
Metonylacetone 5,7 8.8 11,5 14,6 16,6 18+H ==
Bltose 2e6 2,9 3,1l = em = ==
Glucose 5.2 5,2 5,2 wm=  w=  a- =
lactose 7.7 8.4 9.0 o= o o -

Potassiur (3-camphorsulphonate geve & constant value of 3.5%. Un-
Successful attempts were made to prove the existence of addition
Products in the case of epichlorhydrin, cerbamide,acetaride, forme-
inide, allyl elcohol end x&xm cinnamic ester., Dimethyl pyrone gave

traces of some additive compound, but concordang results were

20t obtained,



OXIME FORMATION,

4 Oxime formed in 10 20 30 40 min.
icetone 45,1 49,7 50.0 50,1
- Hethyl ethyl ketone 36,6 39,2 39,2 39.2
kethyl propyl ketone 34,7 37.3 39,9 41.2
lethyl 1sopropyl ketone 31,4 31.5 32,0 32,0
lsevulainic ester 26,1 30,0 33.9 35,0
icetonylacetone 19,0 30.0 35.0 39.0
Pinacoline 12,9 17,0 24,5 24,5

The velocity constents calculated on the first ten minutes from

tle above figures are as Iollows:

NaHSO; NH,0H
Acetaldehyde 0.57556 —
Acetone 0.04027 0.08216
Methyl elhyl ketone 0,0169¢ 0.05773
Methyl propyl ketone 0.00029 0.05314
Methyl isorropyl ketone 0,00438 0.04577
Pinacoline 0.00438 0.01481
Acetylecetone 0.08902 ——
Acetonylacetone 0.00604 0.,02346
Discetylecetone 0,01710 ——
Laevulinic ester 0.00776 0.03682
Acetoacetic ester 0.050874 —
Acetone dicarboxylic ester 0.0¢6722 —
Glucose 0.,00549 ——

Now whenwe examine these numbers, several deductions may be

drawn., In the first place, the effect of replecing a hydrogen

ttom by & methyl radicel is well marked; & steady decrease in

the amount of bisulphite compound formed in a given time follows
the successive replacement of the hydrogen atoms by methyl groups.

This can be seen by compering the Lollowing figures, which show



:he percentage of bisulphite compound and oxime formed by various
etones in ten minutes, &8s well as the velocity constants calculated

fron thesc data,

NaHSO5 NH20H
4 K A K
ms.CO.H 85,2 0.5?550 - —
CHSQCOQCHS 2805 0004027 4501 0008215
ﬂ%.GO.CHg.CHs 14,5 0.01696 36,6 Q.05773
cnleOoCH(an)e 402 0000458 5104 0.04577
M. C0.C(CHz) 5 4.2 0.00438 12.9 0.01481

'In the czse of the bisulphite compounds, the difference between
rethyl isopropyl ketone and pinacoline is so slight that it lies
jﬁjhin the limite of experimental error,

I bave slreedy pointed out that the gross amount of bisulppite
corpound formed after a fixed time is of but little velue in
determining the reactivity of & given carbonyl group; as can be
seen from the figures given in the large table, eguilibriup is
¢tsteblished after very diiferent intervels of time in the cases
of different ketones. For example, the figures below show epproxim-
dtely the number of minutes which elapse before equilibrium ia

established in various ceses:

CHz.CO.H 40 pinutes
CHz.CO0.C(CHg) 3 20 ,,
CHz,.C0.CHp.COOEL 60 ,,

This is in agreement with the wmxkxsm results obtained by Menschutkin



in his verious researches on the influence of carbon chaiLs ipon
regci o viloc it ies,

1

Fror tlhe tleory f steric hirdrence-. I 1¢d been l¢? L0 €Xe—

pect ithetl corpounrds contzining e ciain of cerbon atoms of equal
length would heve approximately the same additive power, at least
iten the carbonyl group in esch case lay in a similar position

in the chein. This view proved to be quite erroneous, however;

tnd es it wes on thas discovery thet my later work was founded,
it is necessary to give some deteils on the point in question.

If we consider the compounds methyl ethylz ketone and aceto-
icetdc ester, it 1s evident that both of them contain a chain of
four carbon ztoms directly united to each other. Acetoacetic ester,
of course, contains siy carbon atoms in all, but only four of
these are in the main chain, the others being united to the rest
of the molecule by the intermedietion of an oxygenm $tom. If we
¥rite down {ihe formulee ol khgxxmakwrxgdxpziz theqsc tuo conpoands for
the pirpose of comparison:

085.00.0H2.00.002H5
CHy.CO.CHg.CHy
since
1t is evident thagAthe part CHz.CO.CHg= of both moleculzs is he
same, any difference in steric hipdrance must be attributed to
the difference in size &f between the remaining parts of the

noleculej thet is, between the sizes ol ths groups -CHg and

'0000235. Fron Traube's resulis in his calculatXons of atomic



wlumes we should expect to find that the -C00C Hy  group had
pgreater XXX hindering eflelt than the methyl ralical; and we
QMuld thercfore anticipate that the addition velocisy of aceto-
wetis ester would de less than taat of methyl 2tiyl X2ton=2. An
mninztion of the experinintal results shosz that this anticipa-

iion was nol Justifiad:

K
Methyl 2thyl Xetone 0.01696
Acetoacetiz aster 0.,05974

The velocity coustant of acetic ester, instead of being lower
|
aan that of mathyl etlhyl Letone, is actually more than three t{imes

B high,

f It is now advidahle to compare tha velocity constzants of

three ot .er Ketones, eech of which contains & chdin of five carbon
ttons, vim,, m:thyl propyl xetonz, laevalianic ester and acetone

»

licarboxylic ester:

K
CHze GO, CHy o CHya CHy 0.00929
CHz. 004 CHg . CHy o COOCH, 0,00776
CBOCzHg . CHy . CO. CHg . COOC,He 0.06722

From an examination of these rigures, a new fact comes to
light, The =COOEt group xkx&Xf ia iir .17 15.22rs to have no great
flienzs upon the recastivity of the carbonyl radical; for the
'tte of aldition is lower in the case of laevulinic 2ster than in

the correspondingz mathyl propyl ketone: but when the =-COOEt group



i3 placael in the '3-pOSLCLOﬂ to the Ccarbon; Ll ralical it exerciizes

vvery Strong iallasnie upon the rzachive powaer of the latiter. This

asrzase in reacituvity may be gaugeld by a compariao. ol L2 fole
dowing flgursss K
CH5°CO,CH3 0.04027
CHS.GO.CHZ.COOEt 0,05974

It seemed posaible, though herdly protedie, thai this increase
@ the amount of basulphite Cormpoanl rormed was really duc xa in
eS¢ cases to an adiition of pisulphiis to tha -COOEt Lroup
wself, in 2 sintlar neuwner 0 the aliisina of sodiun 2ti:ylate
|
hich was obsarvel by ven Pechnann ( Ber., 31,503 ). The behaviour
of laevulinic ester cast doubt upon the probadbility of the hypothesis
{mm for the sake of certainty I male some experiments with ethyl
itetate in order to see if any addition of Hisulphite to its -COOEt
group could be detected. No trace off ahy such addition could be
found,

Now the exceptional rcactivity of the carbonyl group when in
the 3-position to the group =-COOEt is analogous to the lability

a

°f the hydrogen atoms in xky methylene group which is placed b®iween
Wo carbonyl radicals, as in ecetoacetic ester, or malonic ester,
¥e are therefore dealing in this instanee with a particglar case
of a2 general problem; and any explanation which may be put forward

for the reactivity of the carbonyl group should also throw light

upon the ease with which the methylene hydrogen atoms in melonic

Md similar esters are replacad by sodium. EMXAXEKXXXAMYXXHXXX This



point will be dealt with later in this section. There is, however,
. one cese to which attention must be drawn here, viz,, that of

~ diacetylacetone. As can be seen from the velocity constants, $ach
- caebonyl group of that substance has a reactkvity which does not
iiffer to any extent from that of the carbonyl radical in methyl

ethyl ketone:

K
CH"O'. COOCHZOGOQ CH20 co. GHs 0.01710
CH3.GO.CHZ.CH5 0.01696

Except by making some very doubtful assunptioms, this cannot be
explained on any steric hypothesis, and we are therefore driven
to find a chemical explanation. The best scems to be to adopt

Collie's formula for diacetylacetone: (Trens. °.

H OH

| |

0 ¢]
/}\ OH5 o' B.cx
o o *r [
c |0 HoGC  C.H
"\ \ 7

C Cc

1 z-

OH OH

In the presence of bisulphite, this mey be supposed to change
Slowly into the open chain ketonic form; so that the rate of
bisulphite compound formation is really a measureof this rate of
chenge, and not of the rate of addition of bisulphite to the car-
bonyl groups.

This explanation involves the abandonment of the purely steric



view; but this can be justified in other cases. For instance,

' glucose under the same conditions has a very low velocity constant

K = 0,00549
The influence at wor§ here cannot be a purely sterac one, zmd but
st be attributed to the accumulatikon of hydroxyl groups in the
¢haine
In addition to the compounds mentioned, I studied also several
others, but as they have no particular bé:.ring upon the proLlem
le2lt with in this section, 1t 1is needless to give the resulis

here, In many eases I wa: unable to make ke estimations owing to

f the insolubility of the ketonic substances,

From the results which have alrzady becn summarised, it is
tpparent that the ketones dealt with may be divided into two classes:
first, those whome reactivity is 1n agreemenlt with the steric
hindrance hypothesis; and, secondly, those whicp, Jjudged by this
standard, are abnormal. In the first class are those ketones derived
from acetone by the substitution of methyl groups for hydrogen atonms;
thile the second class includes those ketones which have & -COOEt
group in the =-position to the carbonyl radical. Now the phenomenon
of tautomerism is known to be specially marked in substances
belonging to this latter class; so that we are faced by the apperent
Paradox that when 8 compound exists altogether in the true ketonic
form it has less reactivity than when part of it exists in the
Ketonic and part in the enolic condition. XKEX In other words, 8

ketone shows its ketonic properties best when it exists in the

B T s




moliz form.

| It secmed possible that the abnormal rata ol aidition in the

se of compounds containing the grouping -CO—OH2-CO— might be

lue to the following mechanism., In the first place, tha2 enolic

form of the ketone might be proluced, and the bisulphige molecule

night then 2ttach itself to the double bond. In the case of aceto=

wetic ester, this woull be represcatel by the {ollowing formulae:

OH OH

CHz.C0.CH,.CO0Et  CHz.C=CH.COOEt CHg.C~~CH.COOE®

| NaSogz H NaS0, H

Ordinary Betones mdght be supposed to act ;n a2 similar way; but

~sinc: they are less tautomeric than compounds containing the

| group  =CO.CHgeCO~ , their activity wouli be less., For instance,
1ceton2 would form the enolic compound:

CHg:C.CHy .
on

§ow if this view were correct, then unsaturated cCompounds such
83 allyl alcohol should have the faculty of uniténg with bisulphites
tlmost as readily as kotones do. Io test this, I examinad the
behaviour of allyl alcohol and cinnamic¢ ester; but in neither
tase was there any measurablc addition. It seems improbeble,
Umrefore, that the addition rzaction is brought about in the
Ranner shown above.

We must now consiiler the bearing of tautomerism upon the

origin of the reactivity of the cerbonyl group from another point



of view. If we examine the process of tautomerism, we shall find
“lthat it is merzly she change of 2 conmpouni of the type (I) into

me of the type (II), and vice versa,

f GHS.?:CH.COOEt CHz.CO.CHs.COOEL

CH  (I) (11)
fow this change implies that the hylrogén atom 18 loosencd from
the oxygen atom ani transfereed to the aijacent carbon atom. And
just at the instant when the hydrogen atom broeaks free from the
oxyzen atom, the latter will have a valency free which nexi moment

L would be used to form the double boni of the carbonyl group. In

|

"other words, the stage between (I) and (II) may be roughly re-
presented by the foraula below:
GHS.C:::CH.GOOEt
| H
0~ (ILX)
At this inatant, if there be in the neighbourlood of the carbonyl
group a molecule capable of rcacting with it, the reacgion ia
more likely to take place then than at any other time; for the
oxygen atom in (IXI) would have properties very cClosely approximat-
ing to those of & nascent atom, and it would therefore be much
more rcactive than the normal oxygenm #tom. The reactivity of
any»carbonyl group would thus be proportional to the frequency
¥ith which it became "nascent™.
In order to make any furiher peogress in thds Eax branch of
the Ssubject, it was imperative to have a measure of the amount

of tautomerism in a given ketonic compound, which could be utilised



miepenleatly of Lhe reaciic @ Lo al b, ars o of py previous
v i

rethods; so that @ conmlarison could be made between the degree of

tautomerism and the resctlivity of the carbonyl radical. Such a

|

‘measure of teutomerism could only be us=L{ul if il were made by a
;ﬁwsical method, as chemicel meilhads woul”? lead to a mere repetition ax
of the work I had alread; Jone., Now, at tius {ime, Mr.Baly and Dr.
Jjust
deschhhad Fu& completed an invesilgeilion of the absorption spectire
of cettain enol-keto teutemers,ilie results of which,in so far as
they concern my worxk, me, bLe summarised here,
Baly and Desch (Trens.86,1039;87,76¢) were atle to show that

S white both the enolig 2nd kelonic forms of tautomeric substiances

| gave only general absorption,an equilibrium rmixture of the two gave
tn absorption band in the ultra-viclet region of the substance's
spectrum. The persictence of itlis band was a neasure of the tauto=-
nerism of the substance under the given condii-ons. This, then,

gave the required measure of the tautomerismy and at this point,

in order to give conpleteness to my investyg2tiop, I joined forces
with Mr.Baly. Together (Stewart end Baly,Trans.89.489) we examined
the spectrs of a very considerable number of Ketonic substances,
Yit} the results which will now be describecd.

The method employed by us differed in no respect from that
devided by Hartley; but instead ol limiting ourselves to absorp-
tion in the ultre-violet region ol the spectrum, we exemined the
visible region as well. In the curves appended to this paper,
the figures on the right hand side of the diagram represent the

relative thicknesses ol solution whose ahsorptive power weas



ressured; the unit being onc millimetre of a N/10,000 solution.
The figures on the left hand sile are the logarithms of the cor-
responling numbers on the right hand side., The numbers at the
‘wp of the diagram give the frequencies,

Baly and Desch had confined their work to compounils containing
M2 group =C0-~-CHo-CO- , but it appeared probable that a relation
mtweeni:ctivity and tautomerism might exist in the case of the
simple mono-Ketones of tae type R-CO-R'. The spectra of several
»7 these were therfore 2xaminad, and in every case we found a
band which had not been obcerved before., Not only so, but the
ﬁwr51stence of this pand was proportxonal to the reactivity of

(ST A e e mem—— o R —— L e S . . T s TP R~ .

the ketone's carbonyl group which had becn measured by me some

B Rt T o e m naa  mar e e e

line previoasly. This will be made clear at once from a comparison

—a e -

batween the curves in Figure 1, and the following numbers, which

give the parcentage of oxime formad by these ketones in twenty

linutes. f Oxime
Acetone 49,7
Methyl ethyl Ketone 39.2
Methyl propyl ketone 37.3
Methyl isopropyl ketone 31.5
Pinacolina 17.0

A relation is thus established between the absorption spectra of

sixgExkk® and since

these ketonas and their reactive Capacily
the absorption bands in the spectra of the mono-kKetonss occur in
the sane region of the spectrum as those of the di-ketonic com=-

pounds examined by Baly and Desch, it scems not unwarrantable to



wiribute them to a similar process, The reactiviiy of the car=-

ponyl zroup in acetone may therfore be ascribel to the transition
r

of the compounl fa& from the enolic to the ketonic form. Baly and
|
|
Desch, however, have suggested that it is not necessary to assime

'that an actual change from onz form to the other is gaing on con-
that some sort of intra-atomic

ik

tinuallye it is enough t

N
]
=
(*]

3
¢}

2
N

strain is set up, which, 1r carried to its end, would finally lead
o this vibration of a hydrogen atom.

Lapworth (Trans.85.32 ) wes able to prove thiat the action of
halogens upon acetone was prec=lel by the formation o the enolig

a4 8]

farm of the kotone, anl he fouan? tha® £hi3 r2aliion waz nost
readily carriel out aniler Zonlitions which favoured the establishe
'“;Mnt of equilibrium betwean the two tautonaric forms of the Ketone,
(Cf, Irans.81.1503; 83.1121 ) His results are therefore in close
tgreement with the theory set forth above,

Again, the hylrogea atom affezioed by the enol-xcto change
mst also be extromc:ly reactive if this theory bs Correct; and
lere also the facts are in agreement with the new views, For
example, the reactivity of the carbouyl group in acetoacaetic estor
% greater than that of acetone, and ths readiness with which the
hyjirogen atoms of the methylene group in acetonacetic esier are
replaced by halogens far exceeds the ease of substitution in the
case of acetone., The close relation between the reactivities of

' sl Lhs Mo lre g 5o 4530 iobhosl oLl Lk -
the Sarhonyl group sl Ll hylroga abon an3ol o n et L cer

o 3

tainly tend to streagthen the arciient in Tavoar of the siow that

) S ~acol? sonnettel Dhanomend,
ttomarisn anl reactivisy are closcly Soansited g



In the course ol ay word, I hal stows 51 Do’ 2. ) T
Wt vl Laas Y0 L e sy T T T
th was thecrafore Lo Lo dxpen izl Lo neg wostl 0y S11L9127 0T Sube
;ﬂances and that their spectra would show shallow absorption bands.
jThese specira had alrealy been examinel by Baly and Desch (Trans.
g}?GO) who stated that they were pure ketonil Zompoinds. Since
these two data der: wol 1n agreemcnt, Mr.Baly anl I examined the
spectra of the two compounds,using solutions of greater concentra-
tions tl.an had been employed bafore; and in our platasn we detectied
4 rapil extention of the spazirun al one point ( See III and IV
in Figure 2) which exten3ion corresponds to & very shallow absorp-
tion band. My work, thercfore, .ad acted az a conirol upon the
Spectroscopic experimantsy and the Cclose agreement between the
results deducei from the measuremeny of reaction velocities and
the absorption specira seems to strenglhen still more the probabilit;
of the correctness of tae work.

A further test was applied as follows., It is a well kKnown
fact thet the speed of & reaction is influenced by the solvent
in which it is carried out; and Petrenko-Kritschenko (J.Russ.
Phys.Chem.S0C. , 1903, 35,404) has examined the matter quantitatively
in the case of phenylhydrazona formation. He founi that the more
unsaturated the solvent was, the slower the reaction proceeded.
In order to check this, we examined the spectra of acetone and
dcetoacetic ester. A comparison of curves (I) and (III) in

Eigure 1 will show at once the effect which the solvent exerts

Upon the tautomeric prodess. In the case of acetoacatic ester,



e curve of di-ethyl acetcaceiic ester is given as a comparison,

(see {I) and (II) in Figure 2) In this case also, the action

o the unsataratel solvent water is much'greater tman tiat of the

gaturata1 alcohol,

It might be object~1 that a: tho Hand in 2c2tone is woll
~arkzd, while the accelnacetic ester spectrun shows 2 rmare oxtension,

1 and no true band, therefore Lhe reactlivity of azetone shouald

’.1
3
3
W
v

tar Lthan YT at of acetoacetdc estsr. In raply, i1t is only

»

recescary to point out that Lite Lwo bands ocorir ai 1iff2raat
filationsy anl a bral wiiah appears il N/1000 obvio isly repracoents

tmore poder’il vihration thaa one whose influence is exhausto
't N/10.

Up to this point, 31l the eviid:nce favoursei “ho view that
Autom2a-ic Shange in the group =CH5.C0- lay behin? tho reactivity
f the carboanyl group in ketonic compounds; tgg sinc~» further
evidence was desirable, w2 rocolved to ascaertain the readtivily
2 the carhonyl radical in the casen of acetone, acstoan:tiz ester,
wetone dicarboxylic 2ater and pyruvic ester, A new methol was
ploy=d, which it was hopal would yicld rather more accurate
"3ults than my previo:.s ones. Fifty c.c. of a M/20 solution of
dotasiium bisulphite were coolel to zero and mixed witha an equal
olume of a 50% alcoholic M/10 solution of the given ketone, which
121 been coolel to zero., The li~uid was immersed in a freezing
Mxture and kept at a tempaerature of -10°C. Ten c.c. were withdrawn
Wary five minutes and titratel with ioline. The results are given

In the following table:-



5 10 15 min,. K

Acetlone 15) 7 9 0.000105
Acetoacetic ester 12 13 24 0.000272

Aceton: dicarboxylic ester %0 36 42 0,000857

Pyruvic ester 52 64 76 0.002666
The figures give Ll perconiag.c ol D vy o, oo ot

v ferred, and the constabdt K is calculated on the first five
minitess In spsite of the precautions taken, tie results are
probBbly not quite accurate; but tle diufferences betlweon ithe
nurrers themselves are very much greater tlan any experimental
error under the conditions employed.

An exenmination of the nurbers shows thet tie introductiona
of & =~COOEt group into acetone increases the aiditive capacity
of the carbonyl group; the introducticn cf two =COOEt groups
5ti11 further enlences the reactivity or the carbonyl; but the
nost striking ~Lfect is produced when, 8s in tle case of pyruvic
ester, the carbonyl and carboxyl radicals are brought into Juxta-
rosilion in the chain,

Now, in the case of pyruvic ester, 2althougl the compound
sometimes reacts in the enolic form, it it most irprobable that
the change from the enolic to the xetonic forr and vice verssa
is going on at a rate at all comparable to Lhatl st which it 1is
oCcurring in acetoacetic ester or acetione dieerboxylic esier,

So that it is not likely that the exceptionzl aflditive capacity

. . _ . i 1 118 Ki
of the carbonyl group in pyruvic ester is due to this Xind of
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tautorerism.

1

In order to settle the queciion, we exapined tle spectrun
of pyruvic ester, with the following result. (See I1 in Fi_ure 2 )
Ile sbserption spaltrur contleirs 2 b:pd of Corgilirable persise

tence whose head lies at 3500. This bapd, (W ich for tle sake

enicnce in relerencCe we may €*1) the "pryruvic band"),

of conver
a0 e oearpoged to origanate in cither of two vays: it might
fe due to tzi. . oo Ztaage an the oo CH5.00-, a2 w2l Lound
Siracetone and oth: s 00 Lolenes; or 1L might be cause? by

some intoereaction between the proups of tue redical -CO,COOEt. Now

58 would be the

[¢H]

il the first hypotihesis were lrue, since the proc

[¢H)

xpected to

s

same as in the gimple kKetones, Lhe vend might be
occur in approximately the same place in the speclrum, (allowing
for tle diifercuce in waeight of the groups involved); but as &
rnetter of fact the band in ecelone has its head at 4200, nearly
the '
seven hundred units away frorm tlhat of pyruvic axxd band. Since the
heads of the bands in tiie honologues ol acetone do not appeer to
liverge more than a huzired ¢nd fifty units fror a mean position,
It appears reasonable to conclude that the pyruvic band 1s not
lue to the same cause which produces the bznds in the simpler
ietones,

We are therefeore thrown back upon the assumption that the



pyruvic band owes 1ls origin to gome change which is Conlintally
feing on iu the =C0,CO00Et part of the molecule. We may neglest
the idea thal the Carbonyl ;rouyp alone suffices to proluce thgs

band, for then we should [ind 11 in acetone; we may also rule

Jout of account tihe -COOEt group, as the spectrum of ethyl acetete
i

- shows no sucl absorption. Evidently, ther.fooe, the two parts
-00- and -COOEt are¢ necded to Cauuw the appcerance of the band,
The question 21 once zrises, is Lie oilloxy caiical necessary for
tbe production «f tle sbsorption, or Zeild thic be drought about
tte juxtayposition of two ordinary Carbonyl groups, -C0,00- ?
The sirplect meens ol puittaing tle maitter to Lhe test seemed
to be to examineg the specirur of diz2cetyl, whicl contzired the
required grouping, but in which th¢ =0Et radicel didi not occur.
e photographed the spectrur of daacetyl, anl foupd |, as we ex-
an
pected, thet 1t coateincd xke absorpiion band almost ar the
sane place as that found in the pyruvie ester spectrum. (Figure 3 )
It is obvious, therefore, thel the group CHgz.CO.CO. 1is sufficient
to nroduce the band.

1 have already mentioned that Baly and Desch concluied theat

wCtre of tautomeric compounds

4]
r3

‘hougl the bands occurring in the
Were produced by intra-atomic vibrationg, they were caused by
the alteration of linkage due to the change from the xKetonic to
the enolic form and vice verca. If we apply tiis sdee Lo the

Present case, we should expect to rind & somewhat similar steate

of affairs; and we should further expect to find ¢ "nascent



sarbonyl grour™ e formed, as we bave to account for tle exe
ceptimal realtlivity ol tue caroconyl radical in pyruvic ester., The
only possibide way in whiC. these Lwo reguirements can be ex ressed
in formulae is to supposc that pyruvic ester ezxists in two forme
like acetoecetic ester. The two forms wouli be represented as
below, but I wish to point out that these forrmulae are not supe-

cposed to bave any stsi.C xmxkmem@® existence: they are to be

4]
()
4]
o]
sk

Cunferstood mercly as representetlons of teo cxirenc o
¢ vibrations

(1 (11)
CHgeC-=C40EL CHzoC~C.OEt

L | ]

0 0 0-0

An illusiration will perhaps serve 1o maxe the mez2ning clesgrer,

In tha Kekule vibraztion forn.la for bunzene, it 18 aggsuncd that
)]

the two formss S T

y

AN : S 4

lo not revresent di1fferent compounds, but ercly phases in the
vibretion of 1,2-dichlorobenzene. Ihe two forns of pyruvieé ester
are supposad to be analogous to the two benzene phases. Further,
sirce the change of (II) into (I) would proiuce a “nascenti car-
bony1l radical™ the reactivity ol pyruvic ester also rinds iis
explanation in this hypoihesis.

At tbis point, it may be well to summarise the conclusions
whiclt can be drawn from the work described in the foregoing pages.

(1) The reactivity of any carbonyl group is not inherent

in lihe group iilself, but 1s produced by the action



of neiglbouring etoms which render the group®™nascent™.

(2) such action may take the form of tautomecrism or of
@ modification of tautonerism such es Laar originally
postuddted, in which there is no actual trnsfer of
the hydrogen aton from one atom to the other,

(3) The action maj also tene the form of xkm & play of
forces between two adjacent carbonyl grouyps.

(4) The reactivity of a given carbonyl group may be
ppproxinately estimated from the persisience of
¢ certein band in the atsorplion speltrum of the
Ketona convaining 1it.

(5) The reactivity of tbe hydrogen etoms in the group
-CH,-C0~ depends upon the "nascency®™ oI the carbonyl
group; consequently in the group —CO-CHo=CO-, it
is 10 be expected thet the hydrogen stoms would
be moee active than in acetone, owikg to their being
adjecent to jwo carbonyl groups instead of one,

(6) The theory put forward in the foregoing pages is
superior to the ordinearily accepted hypothesis of
steric hindrence, as it is eble to explain ell
hinirances in carbonyl groupn reactions, including
several axax cases which are anomelous from the
steric point of view., For instance, the compound
(1) formd an oxime easily, while (II) does not do

so, although the methyl redecal is probably much



snaller than the cerboxyl group. This cannct be explained by steric
lindrence, but it is simply a parallel case to that obscrved by

wself in the cese of acetone ani pyruvic ester.

coox CH3
éo co

/N N
(1) (11)

Forms ox.ime Forrms no oxine



PART II.

STERIC HINDRANCE IN THE SUBSTITUYED QUINONES,

It 1s well known that a close relation exists betwcen the
Para=-positions of a benzene ring, and it therefore seems not
improbable that a "pyruvic band™ might be found in the absorption
fpectirum of quinone, owin; to some interaction of the carbonyl
Eroups in the pere-position to cach other. The svectrum of
juilnone had already becn examined by Hartley, Dobbie and Lauder
(Brit.Assoc.Report,!!ﬁ?‘lBG)but they hed coatined themselves to
the ultraviolet part of the spectrum, and had attributed the
vellow colour of quinone to general absorption in the visible
region, We re-examined the spectrum, and found, as we anticipated,
that the yellow colour was due to a band in the visible region,
its head lying at sbout 2200. (See Figure 4). It is evident that
In quinone & chenge similar to that in discetyl 1s going on.

In other words, quinone must be continually passing from one phase



to another in such & way as to give rise to & “nascent carbonyl
group™.

At this point it may be well to recall the chemical evidence
yhich bears upon this question. When quinone is treated with

hydroxylamire, it gives ride to & dioxime which has the formulag

If, on the other hand, quinone be subjested to tke action of

phosphorus pentechloride, it yields para-dichloro-=hbenzene:
7

Ce

In the one case, then, there is a true carbonyl group reaction,
#hile in the other action the oxygen behaves as if it were part
of & hydroxyl readicsl. Po explain this, it is often assumed

that quinone exists in two forms:

I g\/l 7
Ne S (z) (Z
O

from the first of which the dioxime is produced, while the
Second yields dichloro-benzene.

Now, when we examine the process by which (I) is derived
from (I1), we shall find thet e “"nascent carbonyl group" is

Produced at each of the two pare-positions; so that the case

1s similar to that of diacetyl:



—0 N
7 S
AN
— o0 C= 0
CH, —¢— 0 Cﬂ3 —C =0
N > 1
4, - C~0 Gy,— C=0

In the case of quinone, there cannot be supposed to be any
enol-keto tautorerisnm going on; in fact, the spectrum shows that
ttis process is not ocCcurring to any measureble extent, for there
it hardly a trace of 2 band at frequency 4000 in the ultre-viclet.

At this point, the intercsts ol Mr.Baly and myself diverged
o e certein exteni; as he was attracted by the possitility of
éxplaining the colour ol yellow compounds by means of the "nascent
¢arbonyl group"™ hypothesis; while I wac more concerned with the
furely chemical side of the queéestion, We Continued to work in
tommon, but it is unnecessary to deal wiih the colour theory in
this place.

It appeared to ne, that since wc¢ had been able x® in the
Ctse of the simple kKetones, to provide an hypothesis &lternative
to that of sterie hindrance, it might be possible to extend our
¥ork to the case of the substitution products of guinone.

Kehrmann (Ber.,21,3315; J.pr.Chem.39,399; 40,257) has shown
that, Qhen the hydrogen etoms of quinoue arée replaced one et o
tine by methyl radicals or halogen atoms, a distinct change
takes place in the reactivity of the carbonyl groups in the com=-

Pounds, His conclusions, which are based upon & very considerable



moury of research, are as follows i
I. Mono-sub:stitutel quinoues, when treated with hydroxylamine,
first forn a memxim@ rionoxime, the carbonyl groun in
the ortho-position to the substituent being unattacxed,

On further treatrent, this monoxire yields a dioxine:

O
0 Rh/o\ I R N
- - |
|\/ N 7 NG

Il. Di-substituted quinoaes, when both substituents are in
the ortho-position to the same carbonyl group, yield

only monoximess:

o O
R\/\ R R K
o — I
N/ \N
s ow

II1.Di-substituted quinones, when the substituents are in
the para-positicn to cone another, give mono- and di-oximes,

bt only with some di.ticulty:

N Ny
R~./;1\ R .Sf R'//\WI
“ L. — I %q — ‘L\/(ﬁ

1V.Tri-substituted quinones §ive only monoximes, that car-

bonyl group being attacked which has only one oriho-

substituent:
0 Noy
g /\ R,//\\
Jon Wk
N/ 5

O



V. Tetrea-sudbstituled quinones give no oximes.

Up to the precent time, it has been usual to attribute the
phenorena observed by Kelirmann to tlhe influence of steric Findrance,
It was supposed that the chicef ceuse of the non-reactivity of
the carbonyl groups was to be found in the occupaticon of tlhe space
sround them by the vibrations of tihc substituents in the ortloe
psitiony this belng conciderdd sufficient to prevent the anproach
of any hydroxylamine nolecules. It seered to me that an extension
of the theory of the “nascent carbouyl group™ might lead to a
better explanation of Kehrmann's results; snd it was therefore
Cci® 3 1o investigete tlz peint. ( Stawart anl Baly,Trans.89.618).

In the first place,we consildered the advisabllity of estimating
for ourselves the exact reactivity of the carbonyl groups in
uinone; but we abandoned this idea for two reasons, First, I had
tlready endeavoured to make execl measurcments in the case of
winone, and had been forced to give up the task owing to the esse
“ith which the substance is affeeted by reagents. Second,e study
of Kehrmann's results seemed to indicate that the differences in
the reactivity of quinones were mich more marked than those ob-
served xmxkh@ among the simple Ketones; so that Kehrmenn's own
observations would suffice for our purpese,

W: {herefore examincd the sbsorytion spectra of the follow=
Ing quinones: benzoquinone, toluquinone, p-xyloquinone, thymo-
Winone, chloro-benzoquinone, dichloro-benzoquinone, trichloro-

bnzoquinone, trichloro-toluquinone, brono-benzoquincne, dichloro-




thymoquinone, and ilibromo-thymogquinone, with results which must
ww be described.

It should be pointed out that the reactivaty of the carbonyi
grours in quinone is closely related to the persisience of the

‘syruvic band" whiclk has its head et 2200; the deeper this band

©

is, the more reactive the carbonyl groups anrear ‘o be. That is

to say, the rore frequently tle process

/ pommng \\ ’ i

& ke - o0 N\

N e
ls geing ¢n, the meore roective the carvou,;l srouys ere, Bui if
be quinone rolecule existis for 8 considerable time in the form:

- O

0
e’ \§>£
N 7

it will have & distinctly benzenoid structure, and will ne less
reactive then if it were continually undergoing iso-dynamiC change.
fe can form an estimate of the amo.nt of the compound which

*tuelly exists in the benzenoid form at eny given moment by

teens of the spectroscore. Benzenoid compounds show & series of
¥ell marked bands lying in the neighbourtood of 40CC. If, there-
fore, {he perticuler quinone we ere desling with exists to eny
txtent in the benzenoid form, we should expect to find treces

of these benzene bends in its spectrumj and, further, since the

"oyruvic bend™ is due to those molecules which are changing from

Quinonoid to benzenoid structure, it will be less marked in the



inverse ratiom to the increase of the bensene band, That is to

sy, the reactiv.iy of the quinone carboniyl [roo,

~ 4

18 dinversely

oporiaon:l Lo tle persistenc

-

¢l tle benzensid hend in 1he

T

gectrur of the quincne. We rust now examine the actusl resulis
which were obtaincd,

In the first place we may deal with tiose quinones in which
tydrogen ators have been replaced by elkyl radicals, It is usual
0 raartre Lhie v, L L s e AT L - :

¢ T e e b wxbends, This Yas beoan lone in

L

f2 ¢ase of quinone,(Figure 4), toluquinoas (Figare 5), and

*

Aynoquinona (Figure 6), witl tha rezulis given b2low. The figures

ropexgta iigone, (Figurs 7), are very slightly 1ifterent fronm

Joze for toluquinone, aa?l they have therafor: beon oniited,

Quinonsg Toluquinone Ihynoguinone
B&nd begins atv * e 3 78.4 21.0 15.8
vy ends ,, .... 10.0 10,5 7.2

Change of dilution
over wshich the
pyruvic band persists:
85.8% 50,0% 47.8%

fig

.
oh

- H : - A p ~ o e
FProm tlh2ae ires it s evidleont Lhoatb Lhe entranze of 21lks1

CWNPS into th quinone nuzlaus has had the effect of reiuClnﬁ

Y12 parsiatenze of the "pyruvic band™ to a consideradle degrze.
Bit this is not th2 only alteration noticeable in the specira as
¢ pass from th2 parent substance to g higher homologues; for
lspection of the curves shows that while the “pyruvic band"
lininishes, a banzenoid baud having 1ts hial at 3900 appears
ICTSABLEACY e

0l ingreases in

-
e
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thaet xxastakxax substitation in the
wipone Series has tue erftect of 21ltoring tie internzl stability
of the moledule in some way whizh renders the benzenoil vibration
ez frequent than 1Y is in the molecule of simdle suinone. And
since the reactivity of ti2 quinon2 zarbonyl groups is zlosely

oomn22%2l with the quinonoid vibration, w2 should expect to find

<)

~

1238 reactivitly in the case of the substititel quinones, This
ted alr2aly beeon shown experinentally by Kehrmana,

Most of Kehrmaan's work sas Carriel out upoa tie halogen
mbstitution produlis ol winone, 30 it bifene acoussary for s
W o2ranine Lo spectra of soeveral bolies of this clanss. The
results ware even morg striXing than in the case of the alkyl
lerivatives,

An exanination of tie curves shows tlhiat when one hyidrogen
ttom of the quinone nucleus is replacel by a bdhlorind atom (Figure 8)
the "pyruvic band™ becon:s mer:ly & slanting line lying betwzen
2000 and 2600. When two Cchlorine atoms are inirofluzed in the
ortho=position to one carbonyl group, as in 2,6-dichloroquinone
(Figure 9), the line represcnting the "pyruvic bani" epproach:s
lore nearly to the gen2ral curve, In trichloro-quinone, (Figure 10)
1 trizhloro-toluquinona (Figure 11), there is max no measiredle
"Pyruvic benad¥

But at the same timem as the "pyruvic band" diminishes,
the benzenoid bani in the spectira of tihese compounls steadily

m:raaseS, as the following Ligures show:



o /
cg"l/ \” eL "/ \“ce 4 "/ \”ce ;e" \”C:Q
\O/ \0/ \o/c«z 3\0/
Ban1 begins at 17.4 57.5 63.0 87.1
. ends ,, 10,0 15.8 14,5 10,0
lilution change 42.,0% 55,04 77.0% 88.0%

The results which we obtatn2d from Lho remaining compounis,
Jrono=1uinone, dinromo=thyno juinona, and dichloro=tiyriojdainone
onfirned our previoas onag, so thal 1t 1s not necaessary to
feal with the two former in detail, With regaril to dichloro-
thymo-quinone, (Figure 12), however, it 1s intaresting to compare

ts spectrun with that of trichloro~toluduinoae (Figure 11).°

fhen the two formulaes

% b, o\c3H
/NN 7 -
CI cﬂ,(/"cﬂ ()
N Y

ire exanined, it .ill be seen that (II) is obtainad from (I)
by the replacement of a chlorine atomm by a propyl group. This
exchange of a2 halogen 2tom Ior an alxiyl group droduces mm MCrease

in the persistence of the benzenoid band in the =pocirum, as

i1s shown by the following figures:




Irichloro-toluquinone Dichloro=tihymoquinone

jand beginz at 87.1 65.1.
' ends ,, 10.0 12.0
(hange of d4ilution 88.0% 82.0%

lhis decrease in the persistence of the benzenoid band 13 quite
b accordance with Kehrmann's observations., He found that ax 2

%loien . :
txxyx substituent has a much greater Liale-ing e

It
:
(% -

‘L2zt than that
shown by an alkyl group in the same position.
We nmust now consilzr the effect which substitution exeris
ipon the Carvonyl group in the gquilnone sceries, It 1s evident that
itere arc threc factors which nust be taxen into considerations
(1) Stzric hindrance produced by the action of tha substituents.
(2) The distortion of the benzene ring consequent on the
unequal distribution of weight in the nuclesus which
substitution produces,

"nascent carbonyl

(3) The possibility of the formation or 2
group®.
With regard to the rirst of these, 1t may be said that up
0 the present,there has beca no relieble method by which we
‘an estimate the purely steric ractor in the problem. It is
Probably not neglipgible, but it has not yet been proved to be
th essential elemen$ in tne problem.
In order to maxe cXear the bearing ol the second factor,
It is necessary to recall a theory ol the benzene ring which wes

Sggestad by Mr.Baly and cmbodlied in & paper which was published

~ R0

% us in conjunction with the late Mr.W.H.Edwards., A full account




of this theory 1s _17en on pp.523-9 of Volune 89 o the Chemizal

socizty's Tranzactions. For the nrzzoont parpose, however it will

)¢ sufficient to sz, (hat LiL¢ bemsede riag is supposed to be in

t state ol vibration similar to tiiet ol an elastic riag which
has Just been stirucke. Three principal nhases in the noiion are

111 that we need concern ourselves with: they are shown below.

CH
HC Y
T t G(: S S .‘.‘._“,.ﬂ..__.f.u
He " g ; eH

! CH
C . . .
Im (1), e ring 135 compre3sed along one axis anl zxi=niled along

mother; in (II), it has recovered its sy-metrical form and is

st about to pass over into the shape (IT1) in which the axis

of compression of (1) becomes an axis of extansion, Now when we
loa1 the ring unsymmetricelly, this vibration is complizated

by the weirht of tie substituepts., Fron the evidence given 1a

the forcgoing pages, it becomes a [fair deduction that in the

unsaturated ring systemi-

. CH @ CH
Y \o
\CH:CH/

there are two mutually antagonistic LorCes at work:

shich produces the “pyruvic band™, anl the tendency of the sysien

t0 returna to thc most stable arrangement, vis.,the benzenoid

form, The first process consisits @f soms interaction of the two

tarbonyl groups; and in order th't this proc=:ss may continue,

the comnounl must exist in the julnonoid form. Undoubtedly the




chief vibrations of such a compound would be narallel to the line

|
lof symmetry of the olecule, that is, the line AB:-
\

(If the vibrations were not in this dirugtion, it would harlly
i any
~be possible for xhka inicraction betw:en the carhoayl group: to

“taxe place, aa they woull approach zach other only at very
|
} infrequent intervals, Now if woe alter the centre of gravity ol
the zystoenm by introduzing naw groups instoad of hydrogen atoms,
the sonlitions of % sltability of the systen ere completely altered.

>

17 wE a cingle methyl redicarl be introduced

=
«©

for inatance, ,

should expect to rini the molecule vibrating along the new line

| of symietry X¥i= ¢ A
oo e
<.
Hc\cfo/(‘\c"’s‘\y
8 the

In this case, the interaction belween Carbonyl groups would not
attain the same intensity &s in the preceding inztance, since

the vibration of t'.c molceccule would not tend to produce with
sufficient fre-uency the conditions necessary for tiat interaction.
But as seon as the carboayl groups cease to act upon onc another,
the tendency of the system is to rearrangse 1tself into the more
stible bensenoil form in which the “pgruvic band™ is not produced.
The effect of substitution is thus two=fold, In the first place, it

Prevents the frequent interaction of the two carbonyl radicals;



wd 1n the seconl place 1t encourages the trancition ol Llie sub-

(@]

stance into the boena&enoid configuration,
These Lactors, however, are probably ol less importance than

‘the third,viz., the possibility of a "nascent cardonyl groun®

o]

es

-~
4 (&4

veing formed. It has ealready beon shown in the forczoing pa:
|

‘that when the hydrogen atonm of the group :CH-CO- is5 replazed by
tnethyl radical, tlie tend=nzy to form a™nascent carbon;1l group"

'is checked, and the reastivity of wne carbonyl group in :Cf

;N

| CHS)-CO-

s nuch loss than in the pareatl substance. It has also been shown

w2t the "nascent carbonyl group® ma; be rormed by a rocess apalogous

0 tautomerica, 1n which there 1is no actual transfcr of the hydro-
en atonm from tle carbdn to the oxygen, but merely a mutial action
witween the oxygen and hydrogen, which 2ction, if continued, would
aml in tautomeris change. If we apply the same reasoning to the
tarbonyl grouyn 1n qguinone, «#e rind thiat 1n quinone 1itself we have
the grouping :CH-CO-CH: where there are two hydrogen atonms to
intaract with the oxygen atom. In toluquinone, on2 ol these 1s
replaced by @ mathyl radical, :CH-CO—C(CHs): , so that the pos-
5ibility of intaraction 1is greatly decreased.

Summarising what has alrealy becn said, we mey conllude that
the effcct of substitution upon quinones is 2s follows:i-

(1) It tends to diminish the interaction betwcen the
oxygen atoms and the neighbouring hydrogen atoms
which gives risc to “nascent carbonyl groups™.

(2) It loads the ring unevenly, 2nd thus tends to
produce the benzenoid in preference to the quinonaeid

w



PART II1I.

IHE RELATION BEIWLLN ABSORPTION SPECTRA AND OPTICAL ROTATORY POWER.

Sinc: carrying out the research described in the foregoing
settion, Mr.Baly and I have ceased to worx together. As he has
2en good enough to lend me his spectroscope, I have been able
0 nake the following investigation which I hope to publish shortly.
Up to the presenti time, no attempt seems to have been made
0 correlate the spectra of active substances and their rotatory
owers, A research on these lines appeared to promise results;
®pecially in the case of racemic and active substances, for it
%¢med possible that it might lead to & method of determining

thether or not a true racemic compound were present in solution.

 therefore decidazi to investizate this branch or the subject.
It is well known that the state of saturation of e carbon
‘mmmund is closely connected with its rotatory power. Walden

i

uﬂx.physikal.Chem.,20,569) has made a detailed study of the



point; anl has shown that in generel it may be saii that un-—
ssturation produces 8 rise in rotatory power. As his results

yere sufricient for my purpose, it was unecessary for me to

detérmine tiie rotations of any substances; I had only to examine

‘the spectra of those which Walden had already measured.

The first question which prescnted itself was the erfect

of substituting double and triple bonds for a single linkage.

It has bben shown by Walden that when the single bond is coanverted

into a double one by the loss of two hydrogen atoms, the molecular

rotatory power of the substance was increased., When the double

boni was changed to a triple one, by a further loss of two hydro-
ien atoms, the result was very dirfferent; for, insteail of rising

igain, the nolecular rotatory power diminished, though it did

not £all so low as that of the single boand conpound. Walden's

ligures for the amyl esters of hydrocinnamic, c¢innanic anl phenyl-

propiolic acids are as follows:i-

IM]p
CgHpe CHae CHyo COOCKH, 1 + 4,98
CgHg - CH:CH. COOCgH, | +16,36
CgHg . CZC. COOC5H11 +12,05

It is evidentthat siace the alcohol is the sane 1n each
t4se, the difterence in rotatory power is due to the change in
the acidic ralical; and it will suliise if we consider the spec-
irt of the ihrec acids. The sbsorpilion agcurves of these are shown

n Figure 13.
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NLrcly Wt 2bsorpiion banls in the spectra of substances: and
| nces;

+ ~ A Y n ) TR G U R EVa > L .
mturatly I exarminz2d the threo Spactra of the cinnamic series in

v

the hopw ol finling some relation beitw:en the absorption banis
mil the rotatory power, No such relation seems to exist. IP we
tonsider the persistsnce ol the absorpiion hanls in the three
spectra, Wwe f1al tha’ the cinnamic acid band has the greatest
prsistanse, thoen comes the hydrocimnamic bhand, ani tinally the
mnl of phanyl-propioliz acid, which 18 so shallow that it annears
12 mere extendion ol the spectirum at one point. This 1s not
:ﬁw orier in whichk the rotatisns lie. Again, 1t night be supposaed
|t the frejuenciaes at wiiich the heads ol the banis are found
2ight be in soné way Zoanectad with the rotatory power., But this
1lso is not the case; for the heads ol the hydrocinnamic acid

that
bands lie betwzen 3700 2nd 3900; xtkaxa of Cinnamid acid at 3600;
il that of phenyl-propiolic acid is probably situated at e
frequency of 3900,

I therefore abandonedi the idea that tie adbsorption bands
¥ere connected with the rotatory power, andi endeavoured to find
othar peculiaritas in the spelira.

Now if we leave absorption bands out ol account, the only
87 in which substances caa dil . =r Lrom one anotiier in specira
Is in tucir general absorpiivz DOWEr. We nust therefore examine

the three spectra with regarl to the general ebsorption shown

by cach subslance above the banis.

If we take the abscissa 26 as a convenient standard, we



find thet 1t is cut by the three curves in the following orders
sincanac acid, phenyleproryiolsc acid, and hydrecirnarmic acid. In

other words, the general abserptive powers of the tlree subsiarnces

tre related to one anoiler in the sane order as their rmoleculear

——— - . R R S T

rotetions. The points at which the three curves cut the abscissa

——— . e ne

tré shown in the follawing table:-

Cinparmic acid 3300
Phenvl-propiolic eacid 3800
‘ Hydrocinnamic acid 3700

There appears 1o be no close nurerical coanection Loelwzen ithase

wnters and the rotator; powers; but 1t should be b-rne in mind
thet such a nurerical connection may exist at higher concentrations
than that used (N/100).

It seeermed not inprobable that the agreercnt in the fore-

mlnr case was accidentel; and in order to see whether the rule
ne of rore ceneral application, I examined the spectira of several
other acids.

As T had already deslt with a series off aronatic nmono-basic
¢ids, the next compounds which I Chose were aliphatic ones. Waliden
it his paper gives the rotetions of the amyl esters of now¥nel

butyric and crotonic acids a&s follows:

M| p
CH5.0H2.0H2.00005H11 + 4,43
CHSQCH:CHQCOOCEHJ_l + 6. 62

The absorption curves of the two acids are shown in Figure 14.



It 1s evident thet here tlhe same relation holds as ir the case
of tke other series, for crotoric acid, whose ecter has the
greatect rotetion, shows the greatesl general absorption,

It must be pointed out that there i1s no relation between
the two ceries, as series; [or while croionic acid has & greater
rolecular rotation than Lydrocinnaric acid, its absorntive power
#t the same concentration is less. The rule of "greeter roteticn,
greater absorption,"™ then, can be applied only in the case of
compounds whilh Contairn chains of the same nurher of carbon
:atoms.

Having dcalt with two series ol mono=basic acids, it seered
tlvicsable to investigate the case of some di-basic ones. It will
suffice for the present to give the recults obteined with
succinic and furaric acids, whase curves are shown in Figure 156,

The followirng fipgures are given by Walden:-

C.C.H ¥
C H .000 ] L ]
ori +15,17
CHz . COOCH
sii1 ‘om
CHy.COOCgH,

Here agair it is arparent that the same rule holds, for the

thsorptive power of the unsaturated acid 1s very mush greater

than that of the satureted acid.

It onlv remained to try tke tri-basic acids. The molecular

ros¢tions of the amyl esters of tricarballylic and aconitic



|
{
|

scids have becon determined by Walden:-

CHy. COOC
|

CH.COOC

l

sHy1 M),

sH11 +15,48

CH.CO0CgH] 1

Il

C.COOCSH11 +22,66

CHg.COOCEH,

the absorption curves which are shown in Figure 16 indicate that
1m this case alsc the rule holds good,

( Since the rule stands the test in all these widely differing
'uasses of compounds, il seems noy unwarranted to surpose that

1 1s of genereal application.

The next wuesiion which attracted my attention was the pos—~
sitility thet the same rule might apply in a8 slaghtly xaxxsg sltered
form to the case of $tereo-isoneric acids,

Walder in another paper (Zeit.physikel.Chem,20.377) has
proved that the amyl esters of various stereo~isomeric acids
i the ethylene series have dirfferent rotaory powers accoeding
8 the maleinoid or fumaroid acid is used. In general, there
tppears to be a difference of about rour degrees between the
mlecular rotations of the two forms, the fumaroid form hevirng
the greater rotetory power. It appeared to me that if this were

the case I sho:ld be able to detect & difference in the spectra

of the stereo—isomeric acids; and 1 therefore examined several.
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In the [irst place, we may consider the case of raleis and

furaraic acids. The figurce given by Walden for the anyl esters

of these are as follows:-

| M| p
CgHy1.0.00.C.H
+15,17
HoCoCOoOoCSHll
H.C.CO.O.CSHll
+11.82
H.CQCO-O.CSHll

It can be scen from the curves given in Figure 15, thet the

rule of "grester absorption, grceater rotation™ holds in this
{

i

§MSe also, for the zbsorption curve of fumeric acid lies at a

slightly lower frequency than that of maleic acid.

I Figure 17 shows the absorption curves of mesaconic and
citraconic acids. Since mesaconic acid shows the greater absorp-
ticn, it ic to be expected that itz anmyl ester will have x the
bigher rotatory power of the two. This is actually the case, as

falden's figures show:i=

Ml
C.H,,.0.0C.C.H
511 Il +16.01
CH300000-0005H11
HoGoCOoooC H 1
u 571 +11,17
CHz.C.C0.0.CgHyq

In the cases which have been described, @ comparison has
been drawn betwcen substances in which the atoms 1n the chein

tre linked together in the same manner in each iscmer; but



it this point 1t mey be wull to indicate the rosults obtained
ien unsaturation oclurs at a1 different noint in the chain. For
this purpose it will be sufficient to quote the case of itaconic
s)cid, which Ccan be compared with the isomeric mesaconic and citra-
tonic acidse. The molecular rotation of itaconic diamyl ester has
been found by Walden to be [M]D = + 13,42 We mighi expect
o find that the absorptive power of the acid 1lay between those
f mesaconic and citraconic acids, but in point of fact it shows
less absorptiocn than either. (Figure 17). We must theréfore ex-
‘end what has alrsedy been 1e8id down with regard to unsaturation,
il state the cage in the following manner:-

" If the spectra of a saturated and & corresponding unsaturated

.............. . e e e e B - e e s

acid be compared, the acid whose emyl ester bﬂo the greater

PRSI - —— = o -

rotatory power will show tlc grester absorptive power; the

© e e e .—— - . e~ - -

same holds in the case of two utereo— somerlc ac1is of the

———— i A A S S T B g e W A W e e R

ethylene series; but it does not hold for structurally iso-

— - - - B T i T S v U SY
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meric sub tances.
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When we examine the molecular rotatory powers of the anyl
esters of homologous aliphatic acids, it is wcll Xnovn that a

steady rise is shown as we go up the serles, e.g.

Amyl fornate + 2 gs
Amyl acetste 3.29
Amyl propionate 3.99

4,25

Anyl butyrate

These figures were found by Guye and Chavanne (Compt.rend.l§9.452)

(Bull.soc.chim. |3] 16.275). It is therefore to Dbe expected that

the acids would show a similar steady increase in general absoep-



l

~tion; but the difference in the spectra would be very slight,
ind might even be unmeasurable in many casas. Measurcments are
unnecessary in this case, however, as it is a well Known fact
that an inCrease in the molecular weight of a moleczule tends to
increase 1its general absorption.

Tre last branch of the subject which I have studied up to
the present includes the spectre of optical antipodes an3 of the
oorresponding racemic conpounds, It appeared to me that if I nmade
ip normal solutions of dextro- and laevo-tartaric acid, photographed
their spectra through given thickness of solution, mixed the solu-
tiecns in equal nuantity, and then photographed the mixed solution
through the seme thicknesses as in the case of the active isomers,
[ should find a dirfrference betwcen the two absorption spectra;
for in the case of the mixture the number of molecules present
in 2 given thickness of solution will be only half thLat in the

solu*tion of an active isomer. This is, of course, due to the fact

that when enual velumes of two normal solutions of the d:xtro-

tnd laevo-isomzr are mixed, the result 1s a semi=normal solution
of racermic acid ( if the racomic acid exists in soluticn),.

I made up xEXXExaax aqueeus solutions of dextro- 2and laevo-
tartarie acid; and compared their absorption spectrea, which proved
to be ilentical. On mixin_ the solutions, I found that the result-
1 ng racemic compound had a greater absorption than 2ither IXE

22tive isomer. I chezked this result by using SYRXKemXXX syhthetic

rcemic acid insteal of the mixture of dextro- and laevo-fornms,

tnd faunl the came result. The curves are shown in Figure 18,



An examination ol the Curves brings to light two =o<iis of
intersst. In the first place, justi above the absciscs 58 there
is 8 conaideranhle part of the spectrum of the racamic acid which
shows very faint transmiscion of light., It is shaded in the
!igure., No such transmissicn is to be found in the spectra o the
wtive isomers. When the form ol this shaded part is examined, it
seems cvident that 1t 1s reelly the hesds of two sbsorpticn banis
m the racermic acid specirums I cndeavoiured to use solutions of
s higher Cconcentraticn in order to photozrah the rest of the
#nd, but owing to the¢ Comparatively low solubil.iy o. racemic
i1 I was unable to get sufficiently stroug scolutionn for the
rrpese, On account of the arrangement of Mr.Baly's spectroscope,
lwas unable to use grzater lengilhs of solution; so I have been
mnable to p»lotl the curve furtiber than is shown in the figure,

The zccoud peint of intcrest lies in the fact that at low
loncentrations EN¥ (N/10) the spectra of racemic and active
Wrtaric acids arc sienticals Thi- iy in agreom:int with thie evie
lenze dzrived from the work of Raoult (Zeit.physikal.Chem.1,186),
Istwali (J.pr.Cham.|2| 32.341) anl Merchlewski (Ber.25 ,1556); tor
it is well Xnown that if a 14% aqueous solution of racemic acid
 made up, 13.9% bresks down into active tartaric acid, and this
lecomposition is even more marked in dilute solutions. From this
it 1s apparent Llhai the curve whizh I have Iraen cannol represeant
2 true absorption spsclran of racemil acid, though it is pro-
“W0ly as near to it as can be round.

Tha followinz conclusions nay be deducel fron this part of

~r
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(1) Withia certain well definal linits, a close relation

-
1

exists between the molezular rotatory nowers of

V40 substances anl thzir 2bsorntion 3n2chra,

(2) The loss of two hyirogen itoms fron i conpounli, (by

-
H'
G2

which a single bon. replacel by 2 doublz one),
proluces an inlrease in absorptive nower as wall
a3 3 ris: in rotatory povier,

(3) The loss of four hyirogen 2tons,(by which a single
ponil is changel to a tripla one), also »rolages an
inirzased abscerption,though it xxxmaxxxs has not such
a greal elffect as the Shauge ifrom the single to
L2 loudble bonde. The 3ame 1s true for the rotatory
power,

(4) In the case of sterzo-isomsric substances, the com—
pounl hav.n; the zreatsr molecular rotation also

has the greaber absorption.

(58) The sane rule does not holl in the case of struciire
isomers, at least not 1n the unsaturateld sceries,

(6) In homologou. seriaes, the Sompounl having the greatest

s

molecular rotation will have the _rz2iost absorptive

-

Fl

el provedl this exporinmentally, bat

power. I have not j
as it is a2 deduction from well establishel data, it
is saf.: to assune that 1t 1s true.

(Z) The specira of two optical antipondes are identical.



(8)The spazirum of a racemic compounil shous
zbsorption than the specira of the antipnies Irom
which it 1z formed

The follawing applications of this work z2rs interesting:-—

I. In certain zases the contiguratios of ethylende acids
has not bevn detoerminzl, owiag Lo exporainental darricultiies,
The specira ol the i1wo i30mers would at once show which
was ®ghich, a: the fumaroid rorn woull have the grzacer
absorptive power of the two. (The molesular rotatory
power might also be used, though I never saw this sug-
gantad,)

I1. There is still a conflict ol evidence in the auestionof
the existenc2 of racemil compounds in the liquid state.
By means ol the speciro:sgope it Will be a simple matter

Lo exanine doubtiful cases.
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LIV.—The Relation between Absorption Spectra and
Chemucal Constitution. Part I. The Chemical
Reactwity of the Carbonyl Group.

By AirrED WALTER STEWART (Carnegie Research Fellow)
and Epwarp Cmaries Cyrin Bavy,

IT has been shown by many different workers that certain reactions
which can be carried out easily with parent substances are much more
difficult to bring about when derivatives of these compounds are used.
The work of Menschutkin on the esterification of aliphatic acids and
the analogous researches of Victor Meyer and Sudborough on the
aromatic acids are examples of what is meant.

From the standpoint of stereochemistry, it has been usual to attri-
bute the effects in question to a variation in the amount of free space
around the reactive groups of the molecule, since it is obvious that
the substitution of a larger for a smaller radicle in the vicinity of the
reactive part of the molecule will decrease the possibility of new
reagents coming in contact with the active radicle. It may be granted
that, if atoms have any volume at all, these premises are correct ; but
it is not yet proved that the effects attributable to this cause play any
very considerable part in the reactions in question. It seems more
probable that the free paths of the atoms in their intramolecular
vibrations are so large in comparison with the size of the atoms them-
selves that this heaping up of substituents in the vicinity of the
reactive group will have no very marked effect. For the present,
however, the hypothesis of steric hindrance forms a convenient
mechanical explanation of the non-reactivity of certain compounds.

Stewart (Trans., 1905, 87, 185; Proc., 21, 78) has shown that
when a hydrogen atom near the carbonyl group of a ketone is replaced
by a methyl radicle, the result is a decrease in the additive capacity of
the carbonyl group. This is what might have been anticipated from
the hypothesis of steric hindrance, since the volume of the methyl
radicle must be greater than that of a hydrogen atom. A contradic-
tion between theory and practice is to be found in the case where,
instead of a methyl radicle, a —~CO,Et group is introduced into the
molecule. In the case of the latter group, it is found that instead of
decreasing the velocity of addition of sodium hydrogen sulphite, as its
bulk might lead one to predict, it has the contrary effect, for some of
those ketones which contain a carboxyl group are much more reactive
than tbe corresponding simple ketone, and consequently still more
active_than the methyl-substituted ketone. The numbers found for
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acetone, methyl ethyl ketone, and ethyl acetoacetate show this
clearly :

10 20 30 40 minutes.
Ethyl acetoacetate ......... 374 47-0 560 600 per cent. }bisulphite
Acetone ........co.coeeenan, 28°5 397 470 536 ’s compound
Methyl ethyl ketone ...... 145 225 25:160-0"ér cent. | bisulphitared
536 'y J»compound
It is thus evident that some new influence 29-1  ,, formed which

tends to mask or modify the steric hindrance due to the more
voluminous group.

The carboxyl group, however, is not in itself sufficient to produce
this increased reactivity of the carbonyl radicle, as the rate of addition
of sodium hydrogen sulphite to ethyl levulate was found to be
slightly lower than that found in the case of methyl propyl ketone,
which contains a carbon chain of the same length, and a like result
was observed in the case of the diketone, acetonylacetone. On the
other hand, ethyl acetonedicarboxylate has an additive capacity even
greater than that of ethyl acetoacetate. Acetone shows very little sign
of tautomeric change, whilst, on the contrary, ethyl acetoacetate and
ethyl acetonedicarboxylate are tautomeric compounds. Thus, here
again theory and practice appear to be opposed to one another: the
true carbonyl compound having much less reactive power than the
semi-enolised substance. It occurred to us that in this fact was to be
found the key of the problem, and the exceptionally great reactivity
of the carbonyl group in tautomeric compounds was due to the actual
process of tautomeric change. Ethyl acetoacetate, under ordinary
conditions, exists as an equilibrium mixture of the two substances
(I) and (II), and the conversion of the first into the second and wice
versd is going on continuously.

CH,*(:CH-CO,Et CH,C-CH,*C0,Es
OH 0
L II.

Now, when a molecule of (I) changes into a molecule of (IT), the
result is the formation of a carbonyl group from a hydroxyl group.
From analogy with the behaviour of atoms in the nascent state, we
must suppose that this “mnascent carbonyl group” is endowed with a
much greater reactivity than that possessed by the ordinary non-
nascent carbonyl radicle. This activity, however, need not be occasioned
purely by the actual wandering of the hydrogen atom from the oxygen
to the carbon: it may be due to some finer play of forces within
the molecule which manifests itself in the production of the character-
istic absorption band in the 3-diketone spectrum. The condition into
which the hydrogen atom is thrown as a result of this play of forces
may be termed a condition of ¢ potential tautomerism,” and in it the
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hydrogen atom will possess a reactive power more or less analogous to
that acquired by an atom as a consequence of the ionisation process
(Baly and Desch, Trans., 1905, 87, 766). Evidence of the probability
of this hypothesis will be adduced later ; for the present it will be
sufficient to call attention to the conception of the ¢ nascent carbonyl
group.”

If we now apply this idea to several cases which have hitherto
been classed under the head of steric hindrance, it will be found that
they can be satisfactorily explained. Taking the cases of the ketones
which have already been dealt with by one of us (Stewart, loc. cit.), a
marked decrease in reactivity of the carbonyl group is shown when the
hydrogen atoms of acetone are successively replaced by methyl
radicles,

In the course of their investigations of the spectra of derivatives of
ethyl acetoacetate, Baly and Desch (Trans., 1904, 85, 1039) proved
that the change from the enolic into the ketonic form produced an
absorption band in the ultra-violet region of the spectrum, and they
also showed that this band was not due merely to the shifting of a
hydrogen atom, but was rather to be considered as the result of some
intra-atomic change. In the hope of finding some analogous process
in the simple ketones, we examined the spectra of several, and we
found that a similar absorption band exists there as well. We further
noticed that the persistence of this band decreases proportionately to
the diminution in the reactivity of the carbonyl group in the ketone.

For instance, the following numbers show the percentages of oxime
formed by various ketones in twenty minutes, and on comparing these
amounts with the curves of the absorption spectra shown in Fig. 1,
the relation between the two will be apparent.

Oxime. | Oxime.
Acetone .....o.ocvvvnniniins 49°7 per cent. | Methyl ¢sopropyl ketone 31°5 per cent.
Methyl ethyl ketone ... 39-2 . Pinacolin ..............oce. 17°0 'y
” Pl'OPyl ”» - 3778 1

Lapworth (Trans., 1904, 85, 32) showed that the action of halogens
on acetone was-preceded by the production of the enolic form of the
ketone, and he found, further, that the presence of acids hastened the
reaction. Now, he had already shown (Trans, 1902, 81, 1503,
and 1903, 83, 1121) that the presence of acids brings about a rapid
attainment of equilibrium between the tautomeric forms of carbonyl
compounds: or, in other words, the addition of acid has a tendency to
produce a “ nascent carbonyl group.” Hence, in the case of acetone
itself, not only is there direct spectroscopic evidence in favour of
tautomeric change, but the chemical evidence at our disposal is also
favourable. Instead of attributing Lapworth’s results to the actual
formation of the enolic form and -an immediate addition of halogeng
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we prefer_to look at them from another point of view. It is obvious
*
that if we consider the change of the group —-CH:CH(OH)- into
%*
-CHH'CO~, the hydrogen atom marked with an asterisk must
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become ¢ pseudo-nascent” in the process of change. It would
therefore be peculiarly liable to chemical action, and would be
easily replaced by halogens. The very great ease with which the
methylene hydrogen atoms in acetylacetone are replaceable by halogens
lends further support to our hypothesis.
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In their second paper (Trans., 1905, 87, 760), Baly and Desch
stated that acetonylacetone and ethyl levulate were pure ketonic
substances ; but on examining their spectra at greater concentrations
than were previously employed we have been able to detect at one
point a rapid extension of the spectrum, which corresponds to a very
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shallow absorption band (see Fig. 2). The shallowness of the band
indicates that the tautomerism in these two compounds is very weak,
which agrees well with what has been found with regard to the
reactivities of their carbonyl groups. The close agreement between
theory and practice in these cases is very noteworthy.
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Now, Petrenko-Kritschenko has shown (J. Russ. Phys. Chem. Soc.,
1903, 35, 404) that the speed of phenylhydrazone formation is greatly
influenced by the nature of the solvent in which the reaction is carried
out. It appeared probable to usthat this might be due to the influence
of the solvent on the tautomerism process, and to test the matter we
examined the spectra of acetone and ethyl acetoacetate in aqueous
solution, using as a control in the latter case the spectrum of an
aleoholic solution of ethyl diethylacetoacetate, which is much less
tautoweric than the parent substance. From the curves for acetone
in alcoholic and in aqueous solution (Fig. 1), it will be seen that the
influence of water is very marked, the band in the latter case being much
shallower than in the former. The three curves shownin Fig. 2 give the
absorption spectra of the ethyl acetnacetate series and it is obvious from
them that the water has reduced the tautomerism very considerably. It
is probable that the greater the unsaturation of the solvent, the less
reactivity will be shown by the carbonyl group of the dissolved
ketone.

The evidence from simple ketones being so far favourable, we must
now examine the. case of ketones containing a carbethoxyl group.
If tautomeric change alone were the cause of the reactivity of the
carbonyl radicle, compounds containing the group —CO:-CH,-CO—
should be more reactive than those which do not contain it, and the
reactivity of the carbonyl group in ethyl pyruvate should not be at all
abnormal, since the grouping in question does not occur in it; if,
however, the reactivity were found to be great, we hoped that some
light might be thrown on the problem by a study of the spectrum
exhibited by the compound.

We therefore decided to compare the rates of addition of potassium
hydrogen sulphite to acetone, ethyl acetoacetate, ethyl acetonedicarb-
oxylate and ethyl pyruvate. At first, experiments were made to
find out how rapidly the “ bisulphite compound ” was decomposed by
water, and it was observed that a considerable dissociation occurred,
even at zero. Error is thus introduced into the problem, and all that
could be done was to reduce this error to a minimum. Since the
inverse change increases in the direct ratio to the awmount of ¢ bi-
sulphite compound ” formed, it is evident that the aim of the experi-
ments must be to estimate the amounts of compound formed before
equilibrium is established. Secondly, since the surplus sulphite is
destroyed in the course of the estimation, thus bringing about a
disturbance in the state of equilibrium of the solution, it is advisable
to reduce the relative quantity of potassium hydrogen sulphite as
much as possible. Thirdly, no harm could follow from keeping down
the temperature, as this would act as a retarding agent on the direct
and inverse reactions, while facilitating the measurement of differences
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in the rates of formation. With these facts in view, the following
method of estimation was devised. TFifty c.c. of a M/20 solution of
potassium hydrogen sulphite were cooled to zero and mixed with an
equal volume of a 50 per cent. alcoholic 2//10 solution of the ketone,
which had also been cooled to zero. The liquid was immersed in
a freezing mixture and maintained at a temperature of - 10°
Ten c.c. were withdrawn every five minutes and titrated with iodine.
The results obtained by this method are given in the table below :

5 10 15 minutes.
Acetone .......co.oooeieiiinnin 5 742 ] Percentage of
Ethyl acetoacetate ............ 12 18 76 bisulphite
Ethyl acetonedicarboxylate . 30 36 12 compound
Ethyl pyruvate ............... 52 64 76 formed.

In spite of the precautions taken, these numbers are probably not
quite accurate, owing to various causes which cannot be controlled,
but the differences between the numbers themselves are very much
larger than any possible experimental error under the conditions
employed.

An examination of the numbers shows that the introduction of a
carbethoxyl group into acetone increases the additive capacity of the
carbonyl group; the introduction of two carbethoxyl groups still
further enhances the reactivity of the carbonyl, but the most striking
effect is produced when, as in the case of ethyl pyruvate, the carbonyl
and carboxyl groups are brought into juxtaposition in the chain.
Now, in the case of ethyl pyruvate, although the compound sometimes
reacts in the enolic form, it is most improbable that the change from
the enolic to the ketonic form and vice versd is going on at a rate at
all comparable to that at which it is occurring in ethyl acetoacetate or
ethyl acetonedicarboxylate, so that it is not likely that the exceptional
additive capacity of the carbonyl group in ethyl pyruvate is due to
this kind of tautomerism.

We thought it advisable to examine the spectrum of ethyl pyruvate
in the hope that some light might thus be thrown on the problem of
the activity of the carbonyl group. We found that ethyl pyruvate
gives an absorption band which lies much nearer the red end of the
spectrum than the band given by ethyl acetoacetate (Fig. 2). The
origin of the band in the ethyl pyruvate spectrum might be looked
for in two phenomena : either in the keto-enol change of the group
CH,CO- or in the interaction of the carbonyl and carboxyl groups
of the radicle CO-CO,Et. The first explanation is impossible, since
if the band were produced by a similar state of intra-atomic vibration
in both instances, it would occur in nearly the same place in the
spectrum, whilst actually the new band has its head at 3100, while
that of the tautomeric B-diketones lies at 3700 ; and, further, since the
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molecule of ethyl pyruvate is lighter than that of ethyl acetoacetate,
we should expect to find the band in the latter case nearer to the red
end of the spectrum than in the former, whilst the reverse of this is
observed.

In order to make certain that the band in question was actually
produced by the proximity of the two true carbonyl groups in the
chain, that is, that it was not due to the ~0-OEt residue of the
carboxylate radicle, we examined the spectra of several diketones and
found a similar absorption band in all of them, though in them it was
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situated nearer the red end of the spectrum. For example, in the
case of camphorquinone (see Fig. 3) it will be seen that a band is
shown of very long persistence, with its head at 2070. The results
in the case of the other a-diketones were similar, but as their considera-
tion is reserved for the next paper it is needless to discuss them here.

It was thus proved that the band in question was due to the two
carbonyl groups in the a-position to one another. It has already been
pointed out that Baly and Desch concluded that, although the absorp-
tion band was produced by intra-atomic vibration, it was caused by the
change of linking brought about by the oscillation of the hydrogen
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during the change from the ketonic to the enolic form. From
analogy, we should expect to find a somewhat similar state of things
in the present case. Now the only possible way in which such a
change of linking can be supposed to occur in ethyl pyruvate is by
imagining that, like ethyl acetoacetate, it occurs in two forms :

CH,-C-C-OE¢ CH,-C:C-OEt
1l and [ .
00 0-0

I IL

It is very hard to indicate exactly what is meant by the aid of the
usual structural formule, as they only indicate a static condition of
the molecule, whilst what we wish to suggest is essentially a dynamic
state. We wish to make it perfectly clear that we do not suppose
that these two forms actually exist, but, owing to the defect of
ordinary structural formule, it is impossible to write them otherwise
if the usual symbols be employed. We would prefer to indicate the
presence of a “ nascent carbonyl group’ by printing the oxygen
symbol in heavy type, thus:

CH,C-CO,Et
1 .

Our conception can best be comprehended if it be clearly borne in
mind that the two formule are not intended to represent actual com-
pounds, but merely two phases of the same compound, just as the
two formule
XX XX

7N N
represent the same substance in two different phases of vibration.
This idea is not new, having been first suggested by Kekulé in 1865,
and afterwards extended by Collie (Trans., 1897, 71, 1013). If this
conception of phases be understood, it will be apparent that the change
of linking is continually going on, and that this change will affect the
intra-atomic relations of the molecule very much in the same way as
they are affected by the phenomena of tautomerism.

At the same time, it should be noticed that the change of linking
from (II) to (I) would produce what we have already defined as a
“ nascent carbonyl group,” which would have great reactivity. Thus
we are led to conclude that substances which show these peculiar
absorption bands will in general be more active chemically than other
compounds which do not exhibit such selective absorption,

The idea which we have put forward cannot be considered as part
of the theory of tautomerism, as, owing to its associations, the name
tautomerism will always suggest the wandering of a hydrogen atom.
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1t is unfortunate that the name “desmotropism ” has already been
employed to denote tautomerism, as it seems well fitted to describe the
phenomenon with which we have dealt. We therefore wish to p opose
the word Isorropesis (icoppomi{n : equipoise) to describe the process.

The arguments in favour of this theory appeared to us to warrant
its application to other classes of compounds, and we proceeded to’
make a further series of investigations, some of which will be dealt
with in a later paper. For the present, p-benzoquinone is the only
compound which need be described. The known close relation to one
another in which the two para-positions in a benzene stand seemed to
lend probability to the idea that a band somewhat similar to those
observed in compounds~ containing the group —CO:CO- might be
found in the spectra of the para-quinones. Our anticipations were
again justified, as the p-benzoquinone spectrum has a band almost
identical with-that of camphorquinone, its head being at 2150 (see
Fig. 5 in following paper). Now it is known that p-benzoquinone can
exist in two forms, for both of which chemical evidence has been
adduced :

C
Z T\ 00
Be Y
N oo’
I II.

The chief points in favour of the first formula are: the reduction
of p-benzoquinone yields quinol, a benzenoid derivative ; the action of
phosphorus pentachloride produces a p-dichlorobenzene ; the oxidising
power of benzoquinone, in which it resembles a peroxide. The second
formula is supported by the following facts : its reactions with hydr-
oxylamine and phenylhydrazine prove that the quinone carbonyl group
resembles that in an alipbatic ketone ; quinone takes up two and four
atoms of chlorine or bromine as if it were a tetrahydrobenzene
derivative,

Chemical evidence being favourable to both formulw, it appears not
unwarrantable to assume that in this case also the absorption band is
caused by the “making and breaking” of contact between the two
oxygen atoms. Thus it may be concluded that the actual wandering
of a hydrogen atom is not necessary for the production of these
absorption bands. Again, since the result of this ““making and
breaking ” would be the production of two nascent carbonyl groups,
an explanation is thus given of the great chemical activity of the
carbonyl radicles in benzoquinone.

It appears to us that our results throw much light on those
reactions which are supposed to be influenced by steric hindrance, for
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if the tautomerism or isorropesis of any carbonyl group can be influ-
enced by substitution, all the results will be produced which are often
attributed to purely spacial relations. We intend to investigate the
question more fully later, and at resent need only mention one or
two instances.

The action of phosphorus pentachloride on ethyl acetonedicarb-
oxylate produces ethyl monochloroglutaconate. Now, if the tauto-
merism of the carbonyl group be reduced by substituting alkyl groups
for hydrogen atoms in the methylene radicles, the reaction should be
more difficult to bring about. Petrenko-Kritschenko (Annalen, 1896,
289, 52) has found that this is actually the case, tri-alkylated
derivatives giving very small yields, and no reaction at all being found
when tetia-alkylated substances are employed.

Petrenko-Kritschenko and Ephrussi (4drnalen, 1896, 289, 59) have
shown that substitution produces an analogous effect on hydrazone
formation, neither the dimethyl nor diethyl derivatives of ethyl
acetonedicarboxylate giving a hydrazone, although the parent sub-
stance easily yields one. This might be attributed to purely steric
causes, but V. Meyer (Ber., 1896, 29, 836) has shown that space
relations have less effect than purely chemical ones, since, although
acetylmesitylene gives no oxime, yet when the more bulky -CO,Et
group is substivuted for a hydrogen atom an oxime is easily formed, as
in the case of ethyl mesitylglyoxylate. Somewhat similar effects can
be found in the difficulty of hydrazone formation in the case of the
substituted phloroglucinols (Herzig and Zeisel, Ber., 1888, 21, 3493).

We have not yet investigated the case of the esterification
of substituted acids, although here also the evidence points to the
fact that when tautomerism is reduced the esterification constant is
lowered. If V. Meyer's view of the esterification process be accepted,
it will be seen that the chief factor in the problem is the additive
capacity of the carbonyl group, which, according to our view, depends
greatly on tautomerism effects.

0 OEt * . OEt
o/ 4+ EwOH —> -CCOH “HO /G
NoH OH
I. 11. III.

According as the carbonyl group in I is more or less reactive, the
yield of I will be greater or less, and hence the esterification process
will be more or less rapid.

The question of the bromination or chlorination of fatly acids also
throws some light on the point. Here, owing to the proximity of a
carbonyl group, the hydrogen atoms attached to the a-carbon atom
will be in the condition which we have termed ¢ potential tauto-
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merism,” and will therefore be much more reactive than the other
hydrogen atoms of the compound. The halogen therefore attacks
them first.

We should also like to point out that if our conclusions are
accepted they involve the rejection of the deductions drawn by
Petrenko-Kritschenko (J. pr. Chem., 1900, [ii], 61, 431 ; 1900, 62,
315; Ber., 1901, 34, 1699, 1702 ; Annalen, 1905, 341, 150) from
his measurements of the reactivity of open chain and cyclic ketones
He assumed that if open chain compounds had a more or less cyeclic
configuration in space, their carbon atoms would exert the same
degree of steric hindrance as those in the corresponding closed chain
compound. Hence, if the steric hindrance were different in open and
in closed chain compounds, the two substances would have different
configurations.

Petrenko-Kritschenko, starting from the above assumption, pro-
ceeded to measure the effect of allowing certain open chain and cyclic
ketones to react for one hour with potassium hydrogen sulphite,
hydroxylamine, and phenylhydrazine, and he found, as he had pre-
dicted, that the quantities of product formed by cyclic ketones in
that time were greater than those formed by aliphatic ketones. His
results are undoubtedly correct and valuable, although it would have
been better to measure the rates of formation of the product rather
than merely to estimate its gross amount after an arbitrary time had
elapsed ; but we venture to point out that the deductions which he
draws from his results are not so trustworthy. Tautomerism is much
more marked in the case of cyclic compounds than in aliphatic sub-
stances, and hence the cyclic carbonyl compound is much more reactive
than the fatty one. Consequently, a cyclic ketone might be expected
to show much greater activity than an open chain one, quite apart
from any purely steric considerations. It seems to us that teo much
reliance should not be laid on deductions from ketonic reactions as to
the space formule of carbon chains. Professor Petrenko-Kritschenko
has approached the subjeet from other less debatable standpoints.

All the substances employed in this investigation were obtained in
the greatest possible state of purity. As a general rule, A/10 solutions
in alcohol were made up and the iron spectrum photographed through
35, 30, 25, 20, 17, 15, 12, 10, 8, 6, 5, and 4 mm. This was repeated
for the same lengths of /100, X/1000, and, if necessary, /10,000
solutions. The curves shown were obtained by plotting the limits of
absorption against the logarithms of the relative thicknesses of a
&/10,000 solution.
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Conclusions.

(1) The reactivity of any carbonyl group is not inherent in the
group itself, but is produced by the action of neighbouring atoms
which render the carbonyl group ¢ nascent.”

(2) Such action may take the form of tautomerism or of a modifica-
tion of tautomerism which does not require the actual transfer of a
hydrogen atom from one atom to another, but merely some intra-atomie
disturbance in the system —CH,*CO-.

(3) The action may also take the form of the process which we have
terwed isorropesis, in which no actual wandering of atoms occurs, but
in which a finer play of forces between two carbonyl groups is in-
volved.

(4) Many cases which are at present accounted for on the hypo-
thesis of steric hindrances can be better accounted for either by
tautomerism or isorropesis, and some cases which are in direct
contradiction to the steric theory can also be explained. It is there-
fore claimed that the hypothesis of the ¢ nascent carbonyl group”
accounts more satisfactorily for the facts, and is preferable to explana-
tions based on the idea of steric hindrance.

(5) When the possibility of the formation of a nascent carbonyl is
excluded, the usual ketonic reactions are not observed. The carbonyl
group may then be considered an ¢inactive’ carbonyl group in
contradistinction to a * nascent’’ one.

In conclusion, we wish to express our thanks to the Chemical
Society for a grant towards the expenses of this research, to Professor
Collie and Dr. Smiles for the great interest they have taken in the
work, and to Mr. W. B. Tuck, B.8e., for assistance during the course
of the investigation.
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LV.—The Relation between Absorption Spectra, and
Chemical Constitution. Part I1.  The a-Diketones
and Quinones.

By Evwarp CuarreEs CyriL BaLy and ALFRED WALTER STEWART
(Carnegie Research Fellow).

Ix the preceding paper, the alisorption spectrum of ethyl pyruvate was
described, and it was shown how an absorption band with its head at
an oscillation frequency of 3100 is developed at from 50 to 23 mm, of
a V/10 solution. The position of this band and the concentration at
which it appears are entirely different from those occurring with the
keto-enol tautomeric process (Baly and Desch, Trans., 1904, 85,
1039, and 1905, 87, 760), and it was suspected that the new band has
its origin in the juxtaposition of the two carbonyl groups because of the
exceptional activity of the ketonic group in this compound. That this
supposition was entirely justified we proved by observing the absorp-
tion spectrum of camphorquinone, in which there are two true ketonic
groups in juxtaposition. As was described in the last paper, the new
band is strongly exhibited in the case of this substance, showing that
the presence of two carbonyl groups adjacent to one another gives rise
to a new type of oscillation which causes the absorption of light of a
much greater wave-length than that absorbed by the process of keto-
enol tautomerism. For this new type of oscillation we have proposed
the name “isorropesis,” and in the present paper we propose to treat
of the phenomenon of isorropesis and show how it is the origin of the
colour of the a-diketones and quinones.

Now we have also examined the absorption spectrum of diacetyl, the
absorption curve of which is shownin Fig. 1 ; it will be seen that here,
too, is present the same absorption band as in the case 6f camphor-
quinone. The frequency of the head of the band is a little greater
than in the case of camphorquinone, owing to the fact that the
molecular weight of diacetyl is considerably less than that of camphor-
quinone. '

The absorption spectra of many g-diketones have already been
described (Baly and Desch, loc. cit.), and_ in every case the absorption
bands lie in the extreme ultra-violet, and their origin has been traced
to the phenomenon of the labile hydrogen or metallic atom. The
frequency of these bands is of a mean value of 3800, although they
naturally tend to shift towards the longer wave-lengths when the total
mass of the molecule is iucreased. Since the position of this band is
far down in the ultra-violet, the compounds showing a simple keto-
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enol tautomerism are not visibly coloured ; in the compounds such as
the a-diketones just described, the oscillation or isorropesis between
the residual affinities on the oxygen atoms of the carbonyl groups
results in the absorption of light of a mean wave-length of 4200
fingstrém units, which is situated in the blue region of the spectrum,
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These substances are, therefore, strongly yellow, their colour being due
to the isorropesis between the carbonyl oxygen atoms in justaposition.
We have extended our observations to include other compounds,
containing two true carbonyl groups in juxtaposition. For example,
we have measured the absorption of acenaphthenequinone and phen-
anthraquinone; in the spectra of both these substances (Fig. 2), the
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new absorption band is exhibited, so that here again the isorropesis
between the two oxygen atoms is the origin of the yellow colour.
Isatin is a further example of this type of substance, and, as shown
by Hartley and Dobbie (Trans., 1899, ‘75, 640), its absorption spectrum
exhibits a similar baud with head at,a frequency of 2400, which again
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shows the connection between the two adjacent carbonyl groups and
colour.’ ' '

Another very interesting case of an a-diketone is that of benzil, the
absorption curve of which is shown in Fig. 3. Now it was shown in a
previous paper, dealing with the absorption spectra of certain mono-
substituted derivatives of benzene (Baly and Collie, Trans., 1905, 87,
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1331), that the residual affinity of the oxygen atomn in acetophenone
modified the absorption spectrum of benzene in a very marked maunner,
All the absorption bands belonging to benzene have entirely dis-
appeared, showing that the ordinary benzenoid fautomerism has been
stopped. This is doubtless owing to the attraction between the residual
affinity of the oxygen of the carbonyl group and the atoms of the ring.
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This undoubtedly accounts for the fact that the carbonyl group of aceto-
phenone is unusually inactive towards sodium bisulphite, &c., because
the residual affinity of this group is almost entirely occupied with and
fixed by the residual affinity of the benzene ring, with the result that
the group does not easily exist in the nascent state necessary to the
formation of additive compounds. It might be expected, therefore, in
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the case of benzil, that the residual affinities of the two carbonyl groups
would each be occupied and fixed by the adjacent phenyl group, and
that therefore no isorropesis between the residual affinities would occur.
On reference to the absorption curve of this substance, Fig. 3, it will
be seen that in the region of least concentration there is an absorption
band with head at a frequency of 3900. This band occupies the
region of the benzene bands, and its presence in the spectrum of
benzil supports the view that the benzenoid tautomerism is un-
doubtedly present to a certain extent. For this reason, therefore, we
may conclude that the residual affinities of the two carbonyl groups
are not entirely fixed, and that a small amount of isorropesis between
these groups is possible. It is evident that this conclusion is justified
from an inspection of the upper portion of the absorption curve of
benzil, where a shallow band with head at a frequency of 2650 appears.
The existence of this band shows that isorropesis is taking place, and
its shallowness proves that it is only present to a small degree

. (compare Baly and Desch, Trans., 1905, 87, 766). It may be noted
that the yellow colour of benzil is not very pronounced, and readily
disappears on dilution. The measurements of the additive capacity of
the benzil carbonyl groups made by Petrenko-Kritschenko agree very
closely with our hypothesis.

The most striking application of this principle is in the case of
quinones, for in these compounds we have a type resembling in some
respeets an a-diketone, and in these compounds, too, the new absorption
band is exhibited showing the undoubted existence of the process of
isorropesis between the quinonoid oxygen atoms. As regards the
absorption spectrum of p-benzoquinone itself, this was observed by
Hartley, Dobbie, and Lauder (Brit. Assoc. Report, 1903, 126) with
an aqueous solution, when they found the presence of two bands with
heads at the frequencies of 3400 and 4050. The authors conclude that
the yellow colour of p-benzoquinone is only due to the presence of
general absorption, since both the absorption bands are in the ultra-
violet. Now it is evident that water is an unsatisfactory solvent for
organic compounds the absorption spectra of which are to be observed ;
in every case, we are investigating the influence or the properties of
residual affinity, and the use of such solvents as water, which possess
strong residual affinity of their own, is clearly inadvisable except
in special circumstances (compare previous paper, p. 494). The
absorption spectrum of p-benzoquinone in alcoholic solution is entirely
different from that observed by Hartley, Dobbie, and Lauder for the
aqueous solution. The absorption curve is reproduced in Fig. 4 and
shows only one band, with its head at a frequency of 2100. This band
is almost identical with the absorption band shown by camphorquinone,
and, as stated in the preceding paper, is undoubtedly caused by the
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isorropesis between the two oxygen atoms iu the para-position, exactly
in the same way as between those of the a-diketones. Further, it is
evident that the new absorption band of p-benzoquinone in the visible
region of the spectrum (wave-length 480uu) is the true origin of the
colour of this substance; or, in other words, the colour of p-benzo-
quinone is due to the isorropesis between the two oxygens in the
para-position,
Fie. 4.
Oscillation frequencies.

2000 22 24 26 28 300032 34 36 38 400042 44

48}
50,000
46 \

. \ 4 \ 25,000
$ e / :
3 \V \ kS
S 40 \ \ 10,000 §
(=) =3
S 38 Z
S . 5000 S
= \ 2500 =
s 34 \ i 2
g 32 \ s
i o~
S 30 1000 5
< 2
Y S
2 W 500 3
3 26 8
S o2 260 -3
s \ 200 S
N \ g
T 20 100 3
s 3
S 18

50
16
14

20
1o — | \

10 10
Quinone,

We have also investigated the absorption spectra of the following
quinones : toluquinone, p-xyloquinone, thymoquinone, a-naphtha-
quinone, and anthraquinone, and find that the same band is present in
each case. The absorption curves are reproduced in Figs. 5, 6, 7, and
8 respectively, and, as can be seen, show the presence of the new
band. The process of isorropesis exists in the case of these quinones
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just as in quinone itself, and, indeed, is the origin of the colour of
these compounds.

The importance of these results as regards Armstrong’s theory of
colour is manife-t; they would seem to supply the key to his
generalisations, and at the same time to explain the colours of many
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substances which are difficult of interp}*etation by Armstrong’s
quinonoid linking alone. Armstrong, in stating that colour was due to

the quinonoid linking,
I

!
\
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was, of course, perfectly correct, but this formula gives us no reason why
colour is produced. There is no esoteric value in any of the linkings
of the formula as light-absorbing centres ; the results given in this
paper, however, show that when the quinonoid form exists, a new type
of oscillation is set up between the atoms in the para-position, the period
of which is equivalent to that of light waves in the visible blue region
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of the spectrum ; such a quinonoid linking therefore produces a yellow
colour,

The results given above show that the process of isorropesis iscommon
to o-diketones and quinones, so that they may be thus generalised :
when two ketonic groups are adjacent to one another in the same
molecule, the compound will be coloured owing to the existence of a
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new type of oscillation which is set up between the two residual
affinities of the oxygen atoms. Thereislittle doubt that this generalisa-
tion can be extended to include many other types of residual affinity
than that of the ketonic oxygen, and we are at present engaged on a
reries of investigations in this direction which we hope to communicate
to the Society. In the next paper we deal with compounds of the
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quinone type with one or both atoms of oxygen replaced by nitrogen,

“and it is shown that the same type of oscillation occurs in these com-
pounds as in the quinones and a-diketones.

In considering the whole question of colour of compounds which may

be raised at this point, there is little doubt that the new principle may

be extended to include every case ; that is to say that isorropesis can
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take place between any atoms possessing residual affinity. It must be
remembered, however, that in order for the new oscillation to take
place, it is absolutely necessary for some exciting or disturbing influence
to be present. For example, let us take the group —CO-CO- of the
a-diketones ; each oxygen atom possesses a definite amount of residual
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affinity, and it is evident that no oscillation can arise between the atoms
unless one or both residual affinities are disturbed. Now, in diacetyl,
CH,-C0O-CO-CH,, this influence is furnished by the hydrogens of the
methyl groups. In this compound there is an attraction exerted
on the hydrogen atoms by the oxygen atoms with the result that
the residual affinities on the two oxygen atoms tend to be altered,
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This was discussed at length in the preceding paper. Now we
have direct evidence of this potential tautomerism in the absorp-
tion curve of diacetyl (see Fig. 1), for, as can be seen, the curve
shows a sudden extension at the ordinate 38. 'This extension
undoubtedly means the incipient formation of an absorption band
which occupies the position of the band due to the tautomerism of a
labile hydrogen (Baly and Desch, loc. cit.). Clearly, therefore, the
residual affinities of the two oxygen atoms are being slightly disturbed,
and it is owing to this disturbance that the new oscillation or iso-
rropesis takes place. We may now understand why the dioxime of
diacetyl is colourless, for in this compound we have apparently the
condition for colour, and yet only general absorption is indicated. The
residual affinity of the nitrogen atoms exerts no attraction on the
hydrogen atoms of the methyl groupsand therefore is not disturbed in
any way ; thus no isorropesis is set up, and the compound is colourless,
The absorption curve of diacetyldioxime is shown in Fig. 1. Perhaps
the process may be looked at from another point of view ; diacetyl con-
sists of two CH,;CO groups, both of which are potential colour
systems, using the word colour in its broadest sense as being the pro-
perty of any compound which shows an absorption band, whether in
the ultra-violet or the visible region. When two or more of these
systems are present and mutually dependent, then the new process of
oscillation or isorropesis is set up between the two systems. The pro-
viso of mutual dependence is inserted of necessity to account for the
new oscillation being started ; two perfectly independent vibrating
systems will not combine to give a new note, they must be connected
or interdependent to some extent.

It may be pointed out here that these results show that a difference
of colour cannot be taken as an argument in favour of a necessary
fundamental difference in constitution. Many compounds can and do
exist with all the conditions for isorropesis, and yet there is lacking the
influence to disturb the equilibrium between the residual affinities and
50 the compounds are colourless. Other compounds agreeing in every
essential detail of constitution are strongly coloured simply owing to
their having the disturbing influence present. All assumptions, there-
fore, that two compounds must have essential differences in constitution
if one is coloured and the other white are untrustworthy.

It is very noteworthy that the wave-length of the light absorbed by
the process of isorropesis is about the same as that emitted by the
simpler fluorescent substances (A =4800 to A=4000). It may he that
there is an intimate connection between fluorescence and isorropesis,
and that the former is only a manifestation of the latter. The exist-
ence of an absorption band in the spectrum only means that a free period
exists within the molecule capable of being excited when the light falls
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upon it. This is true in the case of isorropesis, the free period being
established by the oscillation between the residual affinities. If now the
oscillation between the residual affinities were not only able to establish
the free period, but also to excite it, then we should have the phenomenon
of fluorescence. There is nothing inherently improbable in this idea. In
both cases, colour and fluorescence, a free period is produced by the
isorropesis ; in the former case, the free period is excited by the incident
light, and we have absorption ; in the latter case, the free period is
excited by the isorropesis, and we have emission. An important fact
bearing on the connection between isorropesis and fluorescence has
recently been recorded by Nichols and Merritt (Physical Review, 1904,
18, 447) ; these authors have observed that, when the fluorescence of
fluorescein and certain other substances is excited by a beam of ultra-
violet light, a distinct absorption occurs of light of the same wave-
length as that emitted by the substance when fluorescent.

Every possible precaution was taken to obtain the substances in a
state of the greatest possible purity, and the absorption curves shown
in the figures were drawn by plotting the limits of absorption against
the logarithms of the relative thicknesses of a 1//10,000 solution.

Conclusions.

The following conclusions may be drawn from our experiments

(1) When two true ketonic groups are in juxtaposition in the mole-
cule, an oscillation or isorropesis occurs between the residual affinities of
the oxygen atoms, which results in the absorption of light in the visible
region of the spectrum. These substances are therefore coloured.

(2) This isorropesis also occurs between the residual affinities of the
oxygen atomsin the quinones, and is the origin of the yellow colour of
these substances.

(8) In order to start the oscillation, it is necessary that some
influence should be present to disturb the residual affinities on the
oxygen atoms.

(4) Subject to the proviso referred to in (3), there is no doubt
that this principle may be extended, and that the phenomenon of visible
colour is due to the oscillation between the residual affinities on atoms
or groups of atoms in juxtaposition.

(5) Any assumption that two compounds must be fundamentally
different in constitution if one iscoloured and the other white is quite
untrustworthy.

(6) It is possible that colour and fluorescence are evidences of the
same phenomenon—isorropesis. In the former case, the isorropesis
provides the mechanism, and incident light actuates it; in the latter
case, the isorropesis both provides and actuates the mechanism.
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LXVIIL—The Relation between Absorption Spectra and
Chemacal Constitution. Part IV. The Reactivity
of the Substituted Quinones.

By AvrrEp WaLTER STEWART (Carnegie Research Fellow) and
Epwarp CHARLES CYRIL Bavy.

IN our previous papers, we have shown the effect of substitution on
the absorption spectra of ketonic compounds, and in the case of some
ketones we have been able to prove that the persistence of a certain
absorption band in their spectra is proportional to the reactivity
of their carbonyl groups. From a consideration of our results, we
were enabled to put forward a chemical explanation which covered all
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the phenomena - hitherto attributed to steric hindrance. The present
paper contains an account of similar researches in the quinone series.

Kehrmann (Ber., 1888, 21, 3315 ; J. pr. Chem., 1889, 39, 399 ; 40,
257) has shown that when the hydrogen atoms of p-benzoquinone are
replaced one at a time by methyl radicles or by halogen atoms,
a distinet change takes place in the reactivity of the carbonyl groups
in the compounds. Although he made no accurate measurements, his
results are quite sufficient for the present purpose. His conclusions,
which are based on the examination of many substituted quinones,
may be summarised as follows :

(1) Monosubstituted quinones, when treated with hydroxylamine,
first form a monoxime, the carbonyl group in the ortho-position
to the substituent being left unattacked. On further treatment, this
monoxime yields a dioxime :

0 0 NOH
AN VAN AN
RC (H  _ RC 1 _, RO CH
HC CH HC CH HC CH
\o/ A4 N

0 NOH NOH

(2) Disubstituted quinones, when both substituents are in the
ortho-position to the same carbonyl group, yield only monoximes :

0 0
c .C
RlCI lClR gives only R“(\RR
HC CH HC CH
N N
C
0 NOH

(3) Disubstituted quinones, when the substituents are in the para-
position to one another, give mono- aud di-oximes, but only with
some difficulty :

0 0 NOH
r on _ rdym _ rd b
HC CR HC CR HC CR"’

N N N

C ¢

0 NoH NOH
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(4) Trisubstituted quinones give only monoximes, that carbonyl
group being attacked which has only one ortho-substituent :

O (0]
c c
N
. A
RP, ,QR i gives only Rﬁ |(1R
RC CH RC CH
NS \C/
10) NOH

() Tetrasubstituted quinones give no oximes.

Up to the present time, it has been usual to attribute the phenomena
observed by Kehrmann to the influence of steric hindrance. It was
supposed that the chief cause of the non-reactivity of the carbonyl
groups was to be found in the occupation of the space around them
by the vibrations of the substituents in the ortho-position, this being
supposed to be sufficient to prevent the approach of any hydroxyl-
amine molecules. This rough and ready mechanical idea has been
very useful, as it gave an easily comprehensible explanation of most
of the phenomena of hindrance which occur in chemical reactions. It
appeared to us, however, that other causes might lie at the root of the
matter, and we began to examine the absorption spectra of a series of
substitution products of quinone, hoping to find some more probable
explanation for the phenomena which Kehrmann indicated.

Having already proved the connection between the persistence of
the isorropic absorption band and the reactivity of the carbonyl groups
in certain open-chain ketones, we endeavoured to find out whether the
same rule holds good in the case of the quinone carbonyl groups. Our
results show that it is valid, as can be seen by examining the curves
of benzoquinone, toluquinone, and thymoquinoné which we have
already published (Baly and Stewart, this vol., pp. 507—510).

The measurements of the persistence of the absorption band in each

case are as follows :
Benzoguinone. Tolugquinone. Thymoquinone.

Absorption band begins at ......... 724 210 138
" ,s ends ab............ 100 105 72
Change of dilution over which ab-
sorption band persists ......... 85°8 500 478 per cent.

It is evident that the effect of the substitution has been to diminish
the persistence of the isorropic band to a considerable degree. But at
the same time as its persistence decreases, a new band appears and
increases. Benzoquinone in alcoholic solution shows no trace of
a benzenoid structure, so far as spectroscopic evidence can be adduced,
for it shows no sign in its spectrum of any of the absorption bands
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which are characteristic of benzene. But already in the spectrum of
toluquinone a very shallow band makes its appearance at 3900, and in
p-xyloquinone this band deepens and becomes recognisable as that of
a benzenoid compound.

The spectrum of benzoquinone in alcohol differs to a great extent from
its spectrum in aqueous solution. The curve of its absorption spectrum
in alcoholic solution has been published by us (Stewart and Baly, this
vol., p. 507), whilst that of an aqueous solution has been published by
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Hartley, Dobbie, and Lauder (Brit. Assoc. Report, 1902, 99). As
these authors did not mention the presence of the isorropic band in
benzoquinone, we repeated the examination of an aqueous solution at
higher concentrations and found the isorropic band. We give the
complete curve in Fig. 1. The effect of the solvent is very marked in
this instance. Apparently an additive product is formed ; the isorropic
band shrinks, and a benzenoid band makes its appearance at 4000,
Thus there are three bands in the absorption spectrum of benzoquinone
in aqueous solution.
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The second point which we wish to mention is the fact that the
middle band of the three, the head of which lies at 3400, 0ccurs in the
spectrum of an alcoholic solution of benzoquinone, but in that case it
appears merely as an extension of the spectrum and not as a true
band. The action of the solvent water extends the band considerably.
‘We find that the same band occurs in the spectra of the substituted
quinones, hydroquinone, and quinbydrone. We intend at a later date
to investigate this point more fully, as it appears likely to throw light
on the intramolecular vibration of the quinone system.
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As most of Kehrmann’s investigations were carried out on balogen-
substituted quinones, the spectra of several of these compounds were
examined. The results obtained confirm what has already been said
with regard to the effect of substitution. In chlorobenzoquinone
(Fig. 2), the isorropic band becomes merely a slanting line lying
between 2000 and 2600 ; in 2 : 6-dichlorobenzoquinone (Fig. 3), the line
representing the isorropic band approaches more nearly to the general
curve, while in trichlorobenzoquinone (Fig. 4) and trichlorotolu-
quinone (Fig. 5) there is no measurable isorropic band. At the same
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time as the isorropic band diminishes, the benzenoid band increases
steadily, as can be seen from the following figures :

2:6-Di-
Chloro-  chloro- Trichlore- Trichloro-
benzo- benzo- benzo- tolu-
quinone. quinone. quinone. quinone.
Absorption band begins at ...... 17+4 575 63-0 87°1
' ,, endsat ......... 100 158 145 100
Change of dilution over which
the absorption band persists 420 550 7740 88°0 per cent.
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Three substances remain to be described. When the curve of
bromobenzoquinone (Fig. 6) is compared with the corresponding
chlorobenzoquinoue, a distinct difference is noticeable between the
two. In the former, both the isorropic and the benzenoid bands
appear to be less marked than in the chlorine compound. This can
eagily be explained. Bromine is more unsaturated than chlorine, and
it has been shown by Baly and Collie (Trans., 1905, 87, 1332) that
the introduction ¢f an unsaturated group into the benzene nucleus
tends to merge the benzene absorption bands into one another and
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interfere with them to a great extent. The effect of introducing
bromine inte the benzene nucleus is well shown by the absorption
spectrum of bromobenzene (Fig. 6), where the seven distinet absorption
bands of the benzene spectrum are completely obliterated. The
relatively weaker effect of the chlorine atom may be seen by com-
paring Fig. 6 with the curves of chlorobenzene given by Baly and’
Collie (loc. eit.).

With regard to the second compound, dichlorothymogquinone (Fig. 7),
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it is interesting to compare it with trichlorotoluquinone (Fig. §), from
which it may be derived by the substitution of a propyl group for
a chlorine atom. This exchange of an alkyl group for a halogen atom
produces a decrease in the persistence of the benzenoid band of
the compound, as is shown by the following numbers :

Trichloro- Dichloro-
toluquinone. thymoquinone.
Absorption band begins at 871 66°1
P ,, endsat ..o, 100 120

Char’l’ge of dilution over which absorp- ‘
tion band persists .......ceeiiinnnn. 880 82 0 per cent
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This decrease in the persistence of the benzenoid band corresponds
to the respective influences of the two substituents on the reactivity of
the carbonyl group, as observed by Kehrmann, who found that the
introduction of a halogen atom had a greater effect than that of
an alkyl group. The same difference may be noticed, and is even
more strongly marked, in the cases of toluquinone (Baly and Stewart,
this vol., p. 508) and chlorobenzoquinone (Fig. 2). The isorropic band
which is clearly marked in the toluquinone spectrum, is almost
extinguished when the chlorine atom is substituted for the methyl
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group, whilst the same exchange extends the benzenoid band from
a straight line into a well-marked band.

The third compound, dibromothymoquinone (Fig. 8), when compared
with dichlorothymoquinone (Fig. 7), shows the more marked influence
exerted by the bromine atoms in comparison with the chlorine
substituents,

Dichloro- Dibromo-
) thymoquinone. thymoquinone.
Absorption band begins at ............... 661 1096
5 endsat ... 120 159

Chm;,ge of dilution over which absorp-
tion band persists ..................... 820 85°0 per cent,
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It is obvious that the successive substitution of the hydrogen atoms
in the quinone nucleus has produced a change in the whole system of
the substance. Benzoquinone itself probably exists in the true
quinonoid form, but during the course of the substitution it becomes
more and more benzenoid in character. What form it eventually
takes cannot be determined. It is not improbable that its vibrations
approximate more or less closely to those implied in the ordinary
peroxide formula for benzoquinone, but no definite conclusion can be
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drawn at present. What is evident is that the process of isorropesis
is being gradually diminighed, and from this we may infer that less
and less of the compound is vibrating in the quinonoid form.

In considering the question of the effect which substitution exerls
on the quinone carbonyl group, several factors must be taken into
account.

(1) Steric hindrance produced by the vibration of the substituents.

(2) The distortion of the benzene ring consequent on the un-
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equal distribution of weight in the nucleus which substitution
produces.
(3) The possibility of the formation of a nascent carbonyl group.
With regard to the first of these factors, we have already in our
previous paper (Stewart and Baly, loc. cit.) shown that it need not be
assumed to enter into the matter—at least to any measurable extent.
The question of the distortion of the benzene ring owing to its being
unequally loaded is of more importance. From the evidence which we
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have published, it seems a fair deduction that in the unsaturated ring
system, CO<8§ES§>CO, there are two forces at work, which
are mutually antagonistic: the isorropic process and the tendency
which the system will have to return to the most stable grouping,
namely, the benzenoid form. The isorropic process consists of some
vibration between the two carbonyl groups, and in order that this
process may continue, the compound must exist in the quinonoid form.
Undoubtedly, the principal vibrations of the atoms of such a compound
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would be parallel to the line of symmetry of the molecule, that is,
along the line 4B :
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If the vibrations were not in this direction, it would hardly be possible
for any isorropic process to take place. If one now supposes that the
centre of gravity of the system is altered by the replacement of
hydrogen atoms by methyl groups, the conditions of stability in the
system are completely altered. For instance, if one introduces a
single methyl radigle, one would expect that the molecule would
vibrate along the new line of symmetry XV :
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CoO_ X
é{ L C-CH,
S )]

CH CH

¥ Nco”

In this case, the isorropic process would not attain the same
intensity as in the preceding instance, since the vibration of the
molecule would not tend to produce sufficiently frequently the con-
ditions necessary for its existence. But as soon as the isorropic
process is diminished, the tendency of the compound will be to
assume the most stable benzenoid structure, so that the effect of
substitution will be twofold, first, in preventing the isorropesis, and,
second, in thus encouraging the formation of the benzenoid type of
compound in preference to the quinonoid.

The last of the three factors, namely, the possibility of a nascent
carbonyl group being formed in the compound, is probably the deter-
mining factor in the problem, although it is to a great extent con-
trolled by the vibratory motions of the ring. We have already
shown in our first paper (Stewart and Baly, loc. cit.) that when the
hydrogen atow of the group —CH:CO— is replaced by a methyi
radicle, the tendency to form a nascent carbonyl group is checked,
and the reactivity of the carbonyl group in —=C(CH,)*CO— is much
less than in the parent substance. 'We have also shown that the
nascent carbonyl group may be formed by a process analogous to
tautomerism (potential tautomerism) in which there is no actual
transfer of the hydrogen from the carbon to the oxygen, but merely a
mutual action between the two atoms, oxygen and hydrogen, which
action, if continued, would end in tautomeric change. If one applies
the same reasoning to the case of the quinone carbonyl group, one
finds that in quinone itself onme has the grouping —CH-CO-CH=,
where two hydrogen atoms could take part in the process of potential
tautomerism. In toluquinone, one of these is replaced by methyl,
—CH-CO-C(CH,)—, so that the possibility of potential tautomerism is
greatly decreased. This alone would suffice to explain the hindering
effect of an ortho-substituent, but another and probably more
powerful cause exists as well. We pointed out in our second paper
(Baly and Stewart, this vol., p. 511) that the isorropic process in di-
acetyl was not an independent action, but was brought into action
by the potential tautomerism in the CH,CO— groups. That is to
say, if one could destroy this starting mechanism one would prevent
the isorropesis and therefore the formation of a nascent carbonyl group
in the substance. Now, in the case of toluquinone, half the starting
mechanism of the group —CH'CO*CH=— has been destroyed by the
substitution of & methyl group for one of the hydrogen atoms, This
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has a marked effect on the isorropic process, as the curves show.
‘When a second substituent is introduced, as in the case of dichloro-
benzoquinone, the isorropic process almost ceases, and the second
carbonyl group reacts chiefly on account of the potential tautomerism
which is still possible.

It appears to us that this purely chemical explanation of these
phenomena is more ‘probable than one which depends on an idea of
mechanical shocks and collisions between atoms.,  Such collisions may
certainly influence the reaction, but do so, in all probability, only to an
immeasurably slight extent. The conception of steric hindrance has
never satisfactorily explained several very important cases, such as the
ease with which the compound (I) forms an oxime, in contradis-
tinction to the difficulty found in the case of (II), although the methyl
radicle is probably much smaller than the carboxyl group :

o, on,
3\ N-00-C0,H \ \+CO-CH,
3 H3

(1.) (IL.)

The hypothesis which we have put forward in the course of our work
on this subject seems much more satisfactory, since it is capable of
explaining not only all that the steric hindrance hypothesis can explain,
but also those exceptions which cannot be elucidated by any idea of
steric hindrance.

To avoid the possibility of misconception, we wish to call attention
to the following fact. It is evident that the process of isorropesis is
decreased by substitution, but the compounds still remain yellow
(although on dilution their colour disappears much more rapidly than
is the case with benzoquinone), even when no isorropic band is shown
in our curves. There is, however, no contradiction between our
present and our previous work. In the photographs which we have
taken, the limits of the isorropic band are not always clearly marked,
especially in the case of the more highly substituted quinones. In
order to avoid inaccuracies due to brighter lines in the spectra, we
have smoothed the curves, and in the course of the smoothing the
very faintly marked isorropic band has in some cases been practically
obliterated. Although this does not matter very much from the point
of view of the present paper, we think it advisable to call attention to
the fact that our present work in no way invalidates our previous
papers.
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Conclusions.

The effect of substitution on quinones is as follows :

(1) It tends to diminish the possibility of potential tautomerism and
thus indirectly renders isorropesis less frequent.

(2) By unevenly loading the ring, it produces in benzoquinone a
greater tendency to assume the benzenoid form ; thus,in another way,
diminishing the possibility of isorropesis taking place.

(3) Halogen substituents have more effect on the isorropic pro-
cess than methyl groups owing to their unsaturated character, which
affects the vibrations of the ring.

In conclusion, we wish again to thank Professor Collie for the great
interest he has taken in the research during its progress.

ToE SPECTROSCOPIC LABORATORY,
UNIVERSITY COLLEGE, LONDON.

R. OLAY AND SONS, LTD., BREAD 8T. MILL, E.C., AND BUNGAY, SUFFOLK.
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LVI.—The Relation between Absorption Spectra and
Chemical Constitution. Part III.  The Nitro-
antlines and the Nitrophenols.
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IN the preceding paper, dealing with the absorption spectra of the
quinones and a-diketones, it was shown that the colour of these com-
pounds is due to an absorption band in the visible blue region produced
by a new type of oscillation which occurs when two ketonic groups
are in juxtaposition within the same molecule. To this process we
have given the name isorropesis, and we have shown that the yellow
colour of the aromatic quinones is also due to this process taking
place between oxygen atoms in the para-position. In the present
paper, the nitroanilines and nitrophenols are discussed, and it is shown
how the process of isorropesis is present between the residual affinities
of two nitrogen atoms in the onme case and of an oxygen and a
nitrogen atom in the other.

The spectra of the nitroanilines were examined originally by
Hartley and Huntington ; we, however, reproduce the curves in Fig. 1
of the meta- and para-compounds (from measurements of our own
plates), because the Hartley and Huntington curves are inconvenient
for comparison with our curves. It will be noticed that the persist-
ence of the absorption bands is much less in the meta-compound than in
the case of the ortho- and para-compounds. There is, however, no
possibility of doubt that the absorption band is due to the meta-com-
pound itself, and not to a small quantity of a highly coloured impurity.
This can readily be understood from a comparison of the persistences
of the ortho- and meta- and the para-compounds; the persistence of
the band with the meta-compound is roughly one-third what it is
with two isomerides; that is to say, if the colour were due to an
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impurity present to the amount of 1 per cent., this impurity would
necessarily have a colouring power and an absorption band with a
persistence more than thirty times that of the o- and p-nitroanilines.
This is manifestly absurd, as the absorption bands given by the most
intensely coloured substances do not show a persistence which in any
way approaches this amount. Now we have examined the absorption
spectra of solutions of the nitroanilines in hydrochloric acid. These
solutions are quite colourless, provided that the concentration of the
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acid be sufficient. It is very important in view of what follows that
whilst the ortho- and para-compounds have to be dissolved in con-
centrated acid, the meta-compound requires far less to decolorise
its solution, The absorption curve of p-nitroaniline dissolved in
hydrochloric acid is shown in Fig. 2, from which it can be seen that
there is no absorption band ; the curves of the ortho- and meta-isomerides
are very similar,

From a comparison of the spectra of aniline and its hydrochloride
and the monoalkylated benzenes, it has been shown (Baly and Collie,
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Trans., 1905, 87, 1331) that in the hydrochloride the ~NH,HCI group
behaves in almost exactly the same way as a single alkyl group ; that
is to say, the very striking effect of the residual affinity of the -NH,
group in aniline has entirely disappeared. It was also shown in the
same paper that the effect of the nitro-group is to block almost
entirely the tautomerism of the benzene ring, thereby introducing a
fixed state of strain, with the result that strong general absorption is
evidenced. Probably this effect arises from the attraction exerted by the
unsaturated oxygen atoms on the atoms in the ring. Arguing from
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these facts, there is little doubt but that the structure of the nitro-
anilines in acid solution is that of the true hydrochloride, thus :
C,H,(NO,)NH,,HCL

‘When, however, the free substances are examined in alcoholic
solution, the absorption curves (see Fig. 1) show the presence of a
similar absorption band to that present in the quinones and a-diketones.
We may therefore conclude at once that the substances have changed
into the quinonoid form and that the process of isorropesis is taking
place in exactly the same way as in the quinones. The residual
affinity of the oxygen atoms of the nitro-group exerts an attraction on
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the hydrogen atoms of the amino-group, so that the compounds pass over
to the quinonoid form :

0 OH
N
N

)

H
The two nitrogen atoms then occupy the position of the oxygen atoms
of p-benzoquinone and function in the same way. As in the case of
p-benzoquinone, this may be expressed graphically by saying that it is
possible for the molecule to exist in two phases :

O OH 0O OH
\/ \
o A
N \
O = 0
Y N4
i i
L II.

Just as in the case of diacetyl and ethyl pyruvate quoted in the
preceding papers, the formula (I) represents in all probability only an
extreme phase, and therefore we are not justified in attributing this
static formula to the nitroanilines. There is no doubt that the
residual affinities of the nitrogen atoms as expressed by the formula

N\

- Z—\: /— Z

are being disturbed by the motions of the benzene nucleus, and that
therefore isorropesis is set up between them. Such a process cannot,
of course, be represented by any static chemical formula, and that
given above (I) is only intended to represent a condition which the
isorropesis may tend to bring about. It is not improbable that the
possibility of writing both types of formula for a substance may be
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used as a test of the possibility of isorropesis. The nitrophenols and
nitrosophenol are very similar to the nitroanilines. The absorption
curves of o- and p-nitroanisoles are shown in Fig. 3, and undoubtedly
represent the molecular vibration curves of the formule

. 0O O o O
N/ N/
N : N
|
O*CH,
respectively.

Neither of these curves is altered in any way by the addition of
sodium ethoxide to the solutions of the nitroanisoles. The absorption
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curves of o- and p-nitrophenols have already been described by
Hartley and Huntington (loc. cit.) ; we have reproduced them plotted
on logarithmic scale in order to compare them with the curves of the
analogous substances. The absorption curve of p—nitrophenol in
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neutral alcoholic solution is shown in Fig. 5 by the full curve and is
identical with that of p-nitroanisole; we have no hesitation, there-
fore, in saying that p-nitrophenol in neutral alcoholic solution has the
formula

o O
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On the addition of sodium ethoxide and the formation of the sodium
salt, the absorption spectrum entirely alters, and is shown by the
dotted curve in Fig. 6. A similar band has now appeared in the
visible region to that in the nitroanilines, and therefore we may con-
clude that the residual affinity of the oxygen atoms of the nitro-group
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exerts insufficient attraction for the hydrogen of the free nitrophenol
to cause the formation of the quinonoid form, but that when the
hydrogen is replaced by the more electro-positive sodium atom, then
the attraction of the oxygen atoms is sufficient to bring the sodium
over, with the formation of the quinonoid form :

O ONa
N

N

li
0

Il
O

Very much the same is the case of o-nitrophenol, the absorption
curves of which are shown in Fig. 4 in neutral (full curve) and alkaline
(dotted curve) solution respectively.
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Tn the case of m-nitrophenol, the absorption curves of which in
neutral and alkaline solution are shown in Fig. 5 by the full and dotted
enrves respectively, the free substance in all probability exists in the
ordinary phenolic form, whilst in alkaline solution the presence of the
isorropesis band shows that the quinonoid ~rm is undoubtedly present.
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As the band is shallow, however, it is evident that but a small
quantity of this form is possible. That this band is due to the
quinonoid form of the m-nitrophenol itself and not to the presence of a
small quantity of a highly coloured impurity is evident from a
comparison of the persistence of the band wi:h those of the ortho- and
para-isomerides and with those of any of the colouring matters.

We have also studied the absorption spectrum of p-nitrosophenol,
and the absorption curves of this substance are shown in Fig. 7, the
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full curve being that of the compound in neutral aleoholic solution
and the dotted curve being that obtained when the solution is
rendered alkaline with sodium ethoxide. The absorption of
p-nitrosophenol in neutral solution has already been observed by
Hartley, Dobbie, and Lauder (loc. cit.) and differs considerably from
ours ; these authors find two bands whilst we find only one. The
principal band observed by Hartley, Dobbie, and Lauder agrees in
position with ours. It will be seen that this curve is sufficiently
gimilar to that of nitrosobenzene (Fig. 7, dot and dash curve) to
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justify the conclusion that the free substance has the true nitroso-
phenol formula. The case is absolutely different when alkali has
been added (Fig. 7, dotted curve), and the presence of the band in
the visible region is evidence of isorropesis and the necessary
existence of the quinonemonoxime form. When in the free state, the
residual affinity of the oxygen of the nitroso-group is not sufficient to
attract the hydrogen atom away from the hydroxyl group; when,
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hotvever, this hydrogen atom has been replaced by sodium, the
attraction of the nitroso-oxygen is powerful enough to bring the
sodium away from the phenolic oxygen, with the result that the
following compound is produced :

N-ONa

>

——
.

o
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From these results we may conclude that the three nitroanilines in
neutral solution and the three nitrophenols and nitrosophenol in
alkaline solution exist in the quinonoid form and that a process of
isorropesis is taking place between the residual affinities of the two
nitrogen atoms in the nitroanilines and the nitrogen and oxygen atoms in
the nitrophenols and in nitrosophenol, with the result that an absorption
band is formed in the visible region and the compounds are coloured.

The cases of m-nitroaniline and m-nitrophenol require separate
consideration, for their absorption spectra show that while the
absorption bands are slightly nearer the shorter wave-lengths than in
the case of the ortho- and para-compounds, yet there is no doubt that
the absorption bands are due to the meta-compounds themselves, and
tha their structure and the resulting isorropesis must be quite
analogous to that occurring in the ortho- and para-compounds. Tt
would thus appear necessary to accept the existence of meta-quinones.
Now it is not necessary to insist upon the static existence of a meta-
quinonoid linking, and, indeed, the spectroscopic evidence is against
this, because in both m-nitroaniline and m-nitrophenol the per-
sistence of the absorption band is much less than in the ortho- and
para-compounds, and therefore there is not so much of the quinonoid
form present with the meta-compound. No doubt in the ortho- and
para-compounds the whole are in the quinonoid form because, in the
case of the nitrophenols, no further change is produced after the
addition of one equivalent of sodium ethoxide. An increase in the
amount of the ethoxide does not increase the amouunt of quinonoid
form ; it can be concluded that the quinonoid and phenolic forms are
not in a state of dynamic equilibrium, and that the whole of the
molecules are quinonoid in structure. On the other hand, the meta-
compound is not wholly quinonoid. We can only assume therefore,
that as no change is produced by a further addition of sodium ethoxide,
there is some restraining influence acting against the formation of the
quinonoid form.

The space formula proposed by Collie (Trans., 1897, 71, 1013)
had the advantage of representing the benzene molecule as a system of

_atoms in a state of continual vibration, and by this means it was
possible to express all the various formule which had then been put
forward as phases of one formula. 'We consider that this idea of a
system in motion is extremely important, and we wish to emphasise its
value by certain considerations which will now be dealt with; but at
the same time it is evident that vibrations of the atoms not expressly
described in Collie’s original paper must be introduced in order to
bring the theory into line with the spectroscopic and chemical evidence
now at our disposal. These new motions will now be described.

Now it has been shown (Baly and Collie, loc. ciz.) that benzene
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shows seven very similar and closely-situated absorption bands, and
it was pointed out that the formation of these can be accounted for
by assuming that each band is due to a separa.te making and breaking
of linking between the carbon atoms of the ring. There are seven
such makings and breakings posmble, as can be seen from the follow-
ing figures, the asterisks being attached to those atoms which are
changing their linking :

* -lf *

E 3
&
c/\|0 0/\0 0|Ao 0( \|o*
¢ o Jos o Jo ol Jor

\/

&
* *
(1) @) 3. 4.
* * R
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sl o sl o o
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‘ &
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Tt will be seen that in case (2) a single metalinking is being
formed or broken ; this throws some light on the possibility of the
existence of meta-quinones.

Now in order to bring the seven phases into existence, it is neces-
sary to assume the displacement of the carbon atoms of the ring,
and we can do this in the simplest way possible, that is to say, by
the ordinary vibration as is accepted by any elastic ring. Thus we
may say that the benzene ring is pulsating between the two displaced
forms @ and b.

1

50— 0 X/ N/
4 a. 4
b.

C
4
@
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Each carbon has residual affinity, and consequently in the condition
represented in @, when the atoms 2 and 6 and the atoms 3 and 5 are
brought close together, these residual affinities will produce linkings
as shown by the dotted lines. The atoms 1 and 4, however, are far
removed from one another and from the other atoms, and are there
fore unsaturated. On the other hand, when the ring has passed into
the other phase b, then the three atoms 2, 1, and 6 come very close
to the three atoms 3, 4, and 5 respectively, and linking may be
considered to be formed between these pairs of atoms. The linkings
existing in phases @ and b are shown for greater convenience on the
ordinary hexagons in & and ¥'. As the ring is pulsating between
the forms @ and b, many of the seven phases of linking change
described above will be obtained. For example, let us consider the
ring to have reached the form b ; as it starts opening, the first break
will occur between the atoms 1 and 4, followed by the breaking of
the two ortho-linkings 2:3 and 5:6. When the ring passes through
the half-way stage, that is, the circular form, then we shall have the
centric formula, with the result that phase No. 7 is produced. We can
in this way account for phases 1, 2, 3, 6, and 7; Nos. 4 and 5 can
readily be understood if the motions described above are slightly inter-
fered with by collisions between adjacent molecules. In the above
it was assumed that the displacement takes place so that the atoms
1 and 4 are at the ends of the ellipse in the form a, but in general
the displacement can take place along any of the three possible axes

This scheme of displacement of the benzene ring renders it perfectly
possible for meta-quinones to have a transitory existence ; let us take
m-nitroaniline :

o 0
e —N<,

a.

and let the displacement take place along the dotted lines, when we shall
obtain phase a. When in the form a, then the meta-quinone form can
exist, thus;
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It must be remembered that this meta-

quinone can only exist when the displace-

ment occurs along the dotted lines shown

on p. %")25. Tt is not,-thert?fore, necessary to HN= —N <OH .
conceive of the static existence of a meta- 0
quinone, but it is clearly possible for such

a linking to exist during part of the

motions of the ring.

The results obtained with m-nitroaniline
and with m-nitrophenol in alkaline solu-
tion show that only a portion of the sub-
stance exists in the quinonoid form. Doubtless the persistence of the
absorption bands compared with those of the ortho- and para-compounds
will give a measure of the relative number of molecules possessing the
quinonoid form, that is to say, the number of molecules vibrating or
pulsating in the special way described above. Inasmuch as a special
form of vibration is necessary in order that the meta-quinone may exist,
we may say that in this fact is to be found the undoubted restrain-
ing influence against the formation of the meta-quinone referred to
above. In this way we may account for the much greater ease with
which m-nitroaniline is decolorised by hydrochloric acid. On these
grounds, therefore, we conclude that all three of the nitroanilines and
the three nitrophenols in alkaline solution exist in the quinonoid form,
and that isorropesis then occurs between the two nitrogen atoms or
the nitrogen and oxygen atoms, with the result that an absorption band
is formed in the visible region and the substance is coloured.

It may be pointed out that the pulsation of the benzene ring is able to
explain very satisfactorily many of the characteristic reactions and pro-
perties of benzene and its derivatives. Four of the most striking may
be very briefly indicated :

1. It is at once apparent that the carbon atoms in the para-position
came very near to one another during the vibration, so that the wander-
ing of atoms or groups of atoms from one carbon atom to that in the
para-position is easy of explanation. Furthermore, it has been shown
that phenol is a labile substance possessing keto-enol tautomerism (Baly
and Ewbank, Trans., 1905, 87, 134). On account of the near approach
of the para-carbon atoms, we should expect the phenolic hydrogen to
wander to the para-position, thus:

o X
._)
< ||
L
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The action of nitrous acid on phenol is then easily understood, thus:

L N
X O_g_N O = 0« »-NOH + HO.

. The absorption spectra of the disubstituted benzenes show that the
para- compound is always more symmetrical than the two isomerides;
that is to say, the internal motions of the benzene ring are less disturbed
by the para- than by either the ortho- or meta-substitution (Baly and
Ewbank, Trans., 1905, 87, 1355). This fact is clearly accounted for by
the theory of a pulsating ring, because it is evident that in a compound
such as p-xylene the vibration will take place very readily along the
dotted axes shown in a :

In the ortho- and meta-compounds the unsymmetrical loading of the ring
will to a great extent militate against the vibration of the ring.
Further, the meta-substitution will disturb the vibration more than the
ortho-substitution.

3. The reduction of the phthalic acids is equally easy of explanation.
In terephthalic acid, the vibration is less disturbed than in the case of
the ortho- and meta-isomerides. Terephthalic acid must therefore exist to
a considerable extent in the phase represented by the following formula.

In this phase, the carbon atoms 1 and 4, being far re-

qo H moved from the other atoms of the ring, are unsaturated,
with the result that they will each take up a hydrogen

atom with ease, with the formation of A?:°-dihydrotere-

phthalic acid. Similarly, the reduction of phthalic acid,

although with greater difficulty, to A®:*-dihydrophthalic

6C o2 acid is explained. Lastly, in the case of dsophthalic
acid, the motions are very greatly interfered with by
the meta-substitution, so that it is doubtful if any of
5C 03 the carbon atoms in the ring reach the unsaturated
position readily; isophthalic acid is only reduced with

difficulty by nascent hydrogen (Perkin and Pickles, Trans.,

1905, 87, 293), and tetrahydro-acids only are produced.

4(;1 4. In the chlorination of benzene, the formation of
CO,H  the p-dichloro-compound, to the exclusion of the ortho-
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isomeride, is explained. When the benzene ring exists in phase a, the
two carbon atoms at the end of the ellipse are unsaturated and take
up chlorine, giving the compound shown in é. When the opposite

1 H
N
CH ]
¢ H
HCO—\CH HCO[—CH NS
BOT 1 e
HC CH
HOl—CcH HC\—/CcH A
da m
C.
CH ¢
/
4 u
a b.
H 0 H
/ N/
¢ ¢
H
He—\cH CH[—cH \C/
HCI l ,CH
HC & CH
HC CH HC CH /\
G u
7
)
"\
o1 d o
d. e.

extreme is reached, as in ¢, a molecule of hydrogen chloride is
split off, giving chlorobenzene. This, on reaching the first position,
as in d, again takes up two atoms of chlorine, as in ¢ ; this additive
compound, on reaching the form shown in £ again loses a molecule
of hydrogen chloride and gives p-dichlorobenzene. It will be seen
that by these motions of the ring there is no opportunity of the
ortho-compound being formed, and in actual experiment nome is
produced.
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Many other examples might be quoted in which the reactions of
benzene and its compounds can be at once explained by this conception
of the pulsation of the ring. For example, it has been shown (Baly
and Collie, Trans., 1905, 87, 1332) that in nitrobenzene the tauto-
merism of ‘benzene on the motions of the ring has been stopped, doubt-
less owing to the attraction of the residual affinities of the oxygens of
the NO, group. In the chloronitrobenzenes, therefore, there is little or
no benzenoid motion, and thus these compounds approximate to the
fatty type. It can be thus understood how the chlorine is replaced by
hydroxyl on heating with sodium hydroxide.

A strong pointin favour of this theory is its simplicity. The motion
described is the simplest possible, and is the form of vibration adopted
by any elastic ring, as, for example, a bell when struck.

The compounds the absorption spectra of which are described in this
paper were all most carefully recrystallised and were undoubtedly pure.
The p-nitrosophenol and nitrosobenzene were prepared with the greatest
care ; it is difficult to account for the difference in our observations of
the absorption of the p-nitrosophenol and those recorded by Hartley,
Dobbie, and Lauder.

Conclusions.

The following conclusions may be drawn from these observations :

1. The three nitroanilines in neutral solution and the three nitro-
phenols and p-pitrosophenol in alkaline solution exist in the quinonoid
form.

2. The process of isorropesis then exists between the two nitrogen
atoms in the case of the nitroanilines and between the nitrogen and
oxygen atoms in the case of the nitrophenols and p-nitrosophenol. This
process is the origin of the colour of these substances.

3. Tt is necessary to assume the transitory existence of a meta -quino-
noid linking to account for the phenomena observed with m-nitroaniline
and m-nitrophenol.

4. Many of the physical properties of benzene are explained by con-
sidering that the ring is elastic and undergoes the same vibrations as
are suffered by any elastic ring.

5. The meta-quinone linking is possible during one phase of this dis-
placement of the benzene ring.

6. This simple vibration of the benzene ring accounts for very many
of the characteristic reactions and properties of benzene and its com-
pounds-—for example, the preparation of p-nitrosophenol by the action
of nitrous acid on phenol, the production of only the p-dichloro-compound
in the chlorination of benzene, the reduction of the phthalic acids, and
also the absorption spectra of the three isomerides in the case of the
disubstituted benzenes.
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‘We have again to thank Professor Collie for the great interest he has
taken in these experiments and to express our indebtedness to the
Chemical Society for a grant in aid of the work.

SPECTROSCOPIC LABORATORY
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XXII.—The Addition of Sodiwm Hydrogen Sulphate to
Ketonic Compounds.

By Avrrep WaLTER STEWART, B.Sc., 1851 Exhibition Scholar of
the University of Glasgow.

BEILSTEIN, in his Handbuckh (3rd Edition, vol. I., 999), states that
pinacoline forms no additive product with sodium hydrogen sulphite.
This statement, together with the current idea that bisulphite com-
pounds are formed only with those ketones which contain an acetyl
group, suggested that the hindrance to the formation of a pinacoline
bisulphitecompound was of a stereochemical character, analogous to that
detected by Victor Meyer in his work on the rates of esterification of
the aromatic acids. In the literature of the bisulphite compounds, the
only reference found was a paper by Angeli (A¢tti R. Accad. Lincet,
1896, 5, 84), in which he suggested that steric hindrance played a
part in the reactions involving the addition of metallic hydrogen
sulphites, hydrocyanic acid, and ammonia to carbonyl groups. Angeli
appears to have contented himself with this theoretical observation, at
least so far as the bisulphite compounds are concerned ; and apparently
no attempt has been made up to the present to treat the matter by a
quantitative method.

The following research was carried out in order to estimate the
relative amounts of bisulphite compound formed with different
ketones and with a view to ascertaining the hindering effect produced
by various groups.

Although no work had been done on the ketonic bisulphite com-
pounds, Ripper (Monatsh., 1900,21, 1079) had devised a method for the
estimation of aldehydes which depended on the formation of a bi-
sulphite additive product. He found that as the S8O,Na group in the
bisulphite compound was not oxidised by iodine solution ; the amount
formed could be estimated from the difference between the titration
values of two solutions: one of pure sodium hydrogen sulphite, the
other containing this salt and the aldehyde.

The great difficulty encountered in this method arises from the
presence in the solution of hydriodic acid generated by the reaction.
This acid, if left free, tends to break up the bisulphite compound, and
thus gives an uncertain end-point.

With a view to avoiding this, several other solutions were prepared,
among which three only need be mentioned. First, &/20 caustic soda
was used to titrate the sodium hydrogen sulphite, but the final slight
excess of the alkali present decomposed the double compound even more
rapidly than the hydriodic acid had done. The other two solutions
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were the result of an attempt to make the reaction follow the lines of
the equations :

NaHSO0; + 3NaHCO, + I, = Na S0, + 2Nal + 2H,0 + 3CO0, ;

NaHS80, + 2NaHCO, + I, = NaHSO0, + 2Nal + H,0 + 2C0,
Iodine and sodium hydrogen carbonate were made up in a solution of
the strength required by each equation, in the hope that, the free
hydriodic acid being eliminated as soon as it was formed, the end-
point would be unaffected. The results, however, were useless.

There being no other method available, a return was made to the
titration with iodine solution. At first, alcoholic solutions of the
ketones were used, but finally it was found best to make up an A#/10
aqueous solution of the ketone, and then dilute to ¥/12 with aleohol.
This mixture dissolved most of the common ketones, methyl hexyl
ketone and acetophenone only being excluded.

The results were apparently accurate to within one per cent. after
allowing ¢qual quantities of ketone and #/12 hydrogen sulphite solu-
tion to remain together for an hour at the ordinary temperature.

It did not seem desirable to choose an arbitrary time limit, and in
the end titrations were done at regular intervals; a period of five
minutes was first chosen, but this was not found so satisfactory as the
ten-minute interval which was finally adopted. At first the method
did not give concordant results, but the failure was traced to variations
of temperature. After this, all operations were carried out at 0° which
kept the temperature constant, and also reduced the speed of the
reaction.

The details of themethod finally adopted were as follows: 50 c.c. of N/12
ketone solution, prepared as described, were shaken in a flask with 50 c.c.
of ¥/12 aqueous sodium hydrogen sulphite, and then allowed to remain,
corked, in a vessel of ice and water. Every ten minutes, 10 c.c. of the
liquid were taken out and titrated, being kept surrounded by ice-water
duriug the operation. The iodine solution used was of such a strength
that 14—156 c.c. were required to oxidise 5 c.c. of the hydrogen sulphite
solution. The relative strengths of the two solutions were determined
at the beginning and end of each series of titrations. The results
obtained are shown in the following table :

Percentage of bisulphite compound formed in

10 20 30 40 50 60 70 minutes.
852 86'6 880 887 887 837 887
471 542 605 640 676 700 718
874 470 560 600 640 676 676

Acetaldehyde ...............
Acetylacetone ......
Ethyl acetoacetate .

Acetone................coeuuis 285 397 47°0 536 559 562 589
Methyl ethyl ketone ..... 145 225 25'1 291 324 364 384
Methyl propyl ketone...... 85 110 148 184 196 234 25%
Ethyl levulate............... 72 100 140 150 165 194 21°6
Methyl wopropyl ketone . 42 54 75 94 116 123 130
Pinacoline ..... .. . 42 56 56 56 56 56 596
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The following curves give the same results graphically.,
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Acetylacetone contains two carbonyl groups therefore the amount
of bisulphite compound formed by each group is half the amount
shown in the table, This is represented in the curves by the dotted
line.
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From an examination of the foregoing numbers, the effect of replac-
ing a hydrogen atom by a methyl group is easily seen. If we consider
acetaldehyde, acetone, methyl ethyl ketone, methyl isopropyl ketone,
and pinacoline, and take the percentage of bisulphite compound formed
after 40 minutes, we find the following result:

Per cent, Per cent.
CH,COH............. 887 CH,CO-CH(CH,), ... 9+4
CH,CO'CH, ............ 536 CH,CO-C(CH,), ...... 56
CH,CO-CH,-CH,...... 291

Another point of interest is that both acetaldehyde and pinacoline
appear to reach their end-points within the first 40 minutes, whilst
the other compounds, intermediate on the scale, do not reach their
equilibrium until after 70 minutes.

A curious result is obtained by comparing the values of those com-
pounds containing carbon chains of the same length. For example,
ethyl acetoacetate and methyl ethyl ketone each contain a chain of
four carbon atoms ; ethyl levulate and methyl propyl ketone have a
chain of five. Taking, as before, the percentage of bisulphite com-
pound formed after 40 minutes, we get :

Per cent. Per cent.
Ethyl acetoacetate ... 600 Methyl propyl ketone. 184
Methyl ethyl ketone.. 29-1 Ethyl leevulate ...... .. 150

The carboxyl group seems to have no hindering effect, but rather
accelerates the action, since ethyl acetoacetate forms more bisulphite
compound than acetone, and much more than methyl ethyl ketone
where the CO,Et group is replaced by methyl. This relation does not
hold good in the case of ethyl leevulate, for in this case, when com-
pared with methyl propyl ketone, the ester forms less of the double
compound. It seems as if the carbonyl and carboxyl groups had some
action on each other’s properties when near to one another, and that
this is weakened when two carbon atoms are placed between them.

This communication has been limited to those compounds which
contain the group CH,-COR, but the investigation will subsequently
be extended to other ketonic and nitrogen compounds, both with open
and closed chains.

In conclusion, the author desires to thank Professor Collie and Dr.
Smiles for valuable suggestions made by them during the course of
this research.

UNIVERSITY COLLEGE,
LoNDox.

R, CLAY AND 3UNS, LTD.,, BREAD 87, HILL E.C., AND BUNGAY, SUFFOLK,
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LL.—The Velocity of Oxime Formation in Certain
Ketones.

By ALFrRED WALTER STEWART, B.Sc., 1851 Exhibition Scholar of
the University of Glasgow.

Tae hindering influence produced by the introduction of various
groups into ketonic compounds has been already studied by the
author in the case of the additive products formed with sodium
hydrogen sulphite (Trans., 1905, 87,185), and it seemed desirable to
apply a somewhat similar method to the case of oxime formation,
with the view of finding whether steric hindrance was actually the
chief factor in the problem. If the rates of formation of the
oximes of various ketones showed the same relations to each other
as those found in the case of the ‘ bisulphite’” compounds, the
probability that steric hindrance played a great part in the re-
action would be increased, since chemically the reactions are quite
different in character.

The simplest method of estimating the percentage of oxime
formed in a given case seemed to be to determine the amounts of
free hydroxylamine present in a solution both before and after the
reaction has lasted for a fixed interval of time.

Several series of experiments were carried out before a satis-
factory process was discovered. At first an indirect method was
tried: a fixed excess of ferric sulphate was boiled with the oxime
solution in an atmosphere of carbon dioxide, and the amount of
ferrous sulphate thus formed was estimated by titration with potass-
ium permanganate. This did not give concordant results, nor did
direct titration of the unchanged hydroxylamine, either with
Fehling’s solution or with a solution of potassium nitrite.

In the end the following mode of estimation, adapted from a
method of estimating hydroxylamine described by Meyeringh
(Ber., 1877, 10, 1940), was found to be the best. In order to
obtain results comparable with those already found in the case of
the “ bisulphite ”’ compounds, ¥ /10 aqueous solutions of the ketones
were diluted with alcohol to N /12. Fifty c.c. of the ketone solu-
tion were mixed with an equal volume of N /12 hydroxylamine
sulphate solution, and the mixture was left in ice. Every ten
minutes, 10 c.c. were withdrawn, to which were added 20 c.c. of
N /5 iodine solution and 20 c.c. of N /5 disodium hydrogen phos-
phate solution; the whole was placed on a water-bath for one
minute, and the excess of iodine remaining was then titrated with
sodium thiosulphate in the usual way.
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The rationale of the method is as follows.
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The ketone, in forming

an oxime, uses up a certain quantity of hydroxylamine ; the remain-
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ing hydroxylamine is
decomposed by warming
with the iodine solution,
and the hydriodic acid
thus produced is taken
up by the sodium phos-
phate before it affects the
oxime; the amount of
iodine left unchanged is
then estimated by means
of the thiosulphate titra-
tion, and from it the
amount of hydroxylamine
employed in oxime form-
ation can be deduced.
This method was found
to be sufficiently accurate,
the results being con-
cordant to within one
per cent., which is suffi-
ciently close for the pur-
pose in view. It fails,
however, when employed
with aldehydes, owing to
their ready oxidation;
and also in the case of
compounds containing the
group —CO-CH,-CO-
which react with iodine
on warming.

The results obtained
are shown in the table
and curves. In the case
of acetonylacetone, twice
the usual quantity of the

hydroxylamine solution was used, and the results given show the
percentage of oxime formed at each carbonyl group.

10 20 30 40 minutes.
Acetone ... veeuinis 45°1 49°7 500 501 percentage of oxime
Methyl ethyl ketone ... 366 392 392 392 " ”»

. propyl ,, ... 347 373 399 412 ’ ”

,» _ tsopropyl ketone 381°4 315 32°0 320 »» »
Ethyl levulate ............ 26°1 300 339 350 1 ’
Acetonylacetone ......... 190 30°C 350 390 ’ »
Pinacolin .................. 12-9 17-0 24°5 245 2
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On the whole, the foregoing results appear to support those
already obtained as to the influence of the methyl group when it is
substituted for a hydrogen atom near the carbonyl group. During
the first ten minutes of all the reactions, the only divergence from
the relations determined in the case of the “bisulphite” compounds
is to be found with ethyl leevulate, the velocity of the “ bisulphite ”
reaction of which lay between those of methyl propyl and methyl
2sopropyl ketones, whilst in the foregoing table it has a lower rate
of reaction than methyl isopropyl ketone. Apart from this in-
stance, the same influences appear to govern the courses of both
reactions. If the percentages of oxime formed by acetone, methyl
ethyl ketone, methyl isopropyl ketone, and pinacolin at the end of
twenty minutes are considered, the following numbers are obtained :

CH,y*CO*CHg............. 497 per cent.  CHy*CO°CH(CH,),...... 31°5 per cent.

CH,*CO*CH,*CH,...... 392, CH,"CO*C(CHy); ... 170,

It will be noticed that the velocity of the reaction in the case of
methyl ethyl ketone appears to undergo retardation after twenty
minutes, causing the percentage of oxime generated at the end of
a forty-minute period to fall below that produced in the case of
methyl isopropyl ketone.

The reaction of oxime formation appears to be, on the whole,
more rapid than the addition of sodium hydrogen sulphite to the
carbonyl group; a state of equilibrium is reached more speedily.
This is to be expected when we take into account the nature of the
reaction and the relative masses of the groups involved. In the
case of the “bisulphite” compounds it is merely a question of
adding on a bulky group:

R SO, N

R\ ) SO4Na _ \C/ s Na

Co + | P )
R H R OH

whereas in the second instance a smaller group enters, and water
is immediately eliminated :

R NH-OH R, ,NHOH R
Nero - Nl =
i ]li R’ NOH r/

The oximes appear to be better suited than the “ bisulphite ”’ com-
pounds for estimations of the velocity of formation of additive
compounds of ketones, when many methyl groups lie in the neigh-
bourhood of the carbonyl. The oxime method has also a great
advantage over the other, since in the titration of the “ bisulphite ”
compounds a slow inverse action takes place, which does not occur
in the case of the hydroxylamine estimation. This method might

C¢:N-0OH + H,0.



4183 THE VELOCITY OF OXIME FORMATION IN CERTAIN KETONES.

conceivably be useful in confirming the constitutions of cyclic
carbonyl compounds containing many methyl groups.

In conclusion, the author wishes to thank Professor Collie and
Dr. Smiles for assistance given during the above research.
THE ORGANIC CHEMISTRY- LABORATORT,

UNIVERSITY COLLEGE,
Loxpox.

R. CLAY AND S0NS, LTD., BREAD ST. WILL, E.¢.,, AND BUNGAY, SUFFOLK.
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In the previous paper it was shown how the presence of two
carbonyl groups in juxtaposition gives rise to the appearance of an
absorption band in the spectrum very much nearer to the red than
that which is produced by the process known as enol-keto tautom-
erism,? or a reversible equilibrium such as

—C—CH,—— —C=CH~—

| -

0
In the case of pyruvic ester CH,CO COOEL, in which it was first
discovered, the absorption band is situated at a frequency of 3100, while
the band due to enol-keto tautomerism is always very near to 3800.
Now, in pyruvic ester there is only one true carbonyl group, for it
is well known that the —CO— group of a carboxyl radicle is not
endowed with all the properties usually appertaining to this group.
In order to investigate this process more fully, we have examined
the absorption spectra of a series of compounds which contain two
true carbonyl groups in juxtaposition, and we then found that the new
absorption band is still nearer to the red than in the case of pyruvic

C=0

ester. Camphorquinone CsH 4 (I: o was dealt with in the pre-

t Carnegie Research Fellow.
32 Baly and Desch, Astrophysical Journal, 23, 110, 1906.
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vious paper where its absorption curve was given; a very per-
sistent absorption band is exhibited with its head at a frequency
of 2100. The simplest compound of this type is of course diacetyl

CH,

|
C=0

|
C=0

by

and the absorption curve of this substance is shown in Fig. 1, where
the new absorption band appears at a frequency of 2400. Since
these two compounds, camphorquinone and diacetyl, show absorp-
tion bands in the visible blue (A =4760 and 4170 t.-m. respectively),
they are naturally colored yellow, and clearly therefore the process
which produces these absorption bands is the origin of color in the
case of these compounds.

In the previous paper we showed that the origin of the new
absorption band is to be found in some form of oscillation between
the residual affinities of the oxygen atoms of the carbonyl groups,
and for this oscillation we proposed the name isorropesis. Before
dealing with the theoretical aspect, we may say that we have extended
our observations to include many other compounds containing
two carbonyl groups in juxtaposition, and in every case we find
the new absorption band present. For example, the absorption

C=0
curves of acenaphthenequinone C,,Hyg IC and phenanthraqui-
=0
C=0
none C,,Hg IC are shown in Fig. 2; isatin, whose spectrum

has already been recorded by Hartley and Dobbie,* is another case
in point and shows the same absorption band with head at a fre-

co
quency of 2400. The formula of isatin CgH 4< >CO at once
NH

explains the appearance of the band, as there are present two car-
bonyl groups in juxtaposition.

t Chem. Soc. Trans., 75, 640, 1899.
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Another very interesting case of an a-diketone is that of benzil,
CeH;.CO.CO.CsHg, the absorption-curve of which is shown in”
Fig. 3. It is well known that the oscillating double linking of the
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F1c. 1.—Diacetyl (full curve): Diacetyl dioxime (dotted curve).

benzene ring, or the benzenoid tautomerism, produces absorption
bands which have about the same frequency as the absorption band
due to enol-keto tautomerism. In the case of benzene itself there
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are seven narrow absorption bands® with heads at frequencies of
‘3725, 3765, 3830, 3915, 4025, 4110, and 4200. These absorption
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Fi16. 2.—Acenaphthenequinone (full curve).
Phenanthraquinone (dotted curve).

bands are considerably modified by substituting different groups
for the hydrogen atoms, especially if the substituent groups possess
1 Baly and Collie, Ibid., 87, 1332, 1905.
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residual affinity. Thus acetophenone, C¢H,.CO.CH,, in which
one hydrogen of benzene has been replaced by the acetyl group
—CO.CH,, shows an absorption very different from that of benzene.
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All the characteristic absorption due to the benzene ring has dis-

appeared, owing no doubt to the fact that the residual affinity of
the benzene ring has been fixed by the attraction between the car-



138 E. C. C. BALY AND A. W. STEWART

bonyl group and the atoms of the ring. This accounts for the
fact that the carbonyl group of acetophenone is unusually inactive
toward sodium bisulphite, etc., because the group does not
readily pass into the nascent state necessary to the formation of
additive compounds. It might be expected, therefore, that in
benzil the residual affinities of the two carbonyl groups would each
be occupied with and fixed by the adjacent benzene nucleus, and
that therefore no isorropesis would occur. In reference, however,
to the absorption-curve of this substance (Fig. 3) it will be seen
that in the region of least concentration there is an absorption band
with head at a frequency of 3900. The presence of this band argues
that the benzenoid tautomerism is undoubtedly present to a small
extent. For this reason we may conclude that the residual affin-
ities of the carbonyl groups are not entirely fixed, and that a small
amount of isorropesis between them is possible. It is evident that
this conclusion is justified from an inspection of the upper portion
of the absorption-curve of benzil, where a shallow band with head
at a frequency of 2650 appears. The existence of this band shows
that isorropesis is taking place, and its shallowness proves that it
is present to a small extent only. It may be noticed that the yellow
color of benzil is not very pronounced, and readily disappears in
dilution. The measurements of the additive capacity of the benzil
carbonyl groups made by Petrenko-Kritschenko agree very closely
with the above observation.

There is thus little doubt that the color of the compounds, diacetyl,
camphorquinone, acenaphthenequinone, phenanthraquinone, isatin,
and benzil is due to the two carbonyl groups in juxtaposition, since
this configuration gives rise to a new type of oscillation or isorropesis
between the residual affinities upon the two adjacent oxygen atoms.
The most striking application of this principle is in the case of the
true benzenoid quinones, for in these compounds, which are all
strongly colored, we have a type of compound resembling an a-dike-
tone, and in these compounds, too, the new absorption band is exhib-
ited showing the undoubted existence of the process of isorropesis
between the quinonoid oxygen atoms. Quinone itself was dealt
with in the preceding paper and its absorption-curve there repro-
duced. It may, however, be again emphasized that all the chemical
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evidence supports the view that the two para positions in the benzene
ring are very close together, and that we should therefore expect

the two=CO groups of quinone 0 to have the same prop-
C
HC ( \I CH
HC \) cH
C
I
o

erties as those of an a-diketone. We have also examined the
absorption spectra of

toluquinone O para xyloquinone ﬁ)
C
C CH, HC l l C-CH
cH,—cl lcH
C c
I |
0 0
thymoqui- o) a naphtho- O
none I quinone
C CH C
HC f C—CH, \|(\
C,H,—-C ) CH )
l(l: II
0 o
and anthraquinone (“) and find that the same
CH C CH
C
HC O(D CH
H CH
N
CH H

c
C C
I

absorption band is present in each case. The absorption-curves
of the two first compounds are reproduced in Figs. 4 and s;
the remaining compounds show very similar curves. There is no
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doubt therefore that the process of isorropesis exists in the quinones
and is the origin of color of these compounds.

Now, Armstrong has developed a theory of color in which he
attributes this property to the quinonoid linking; | the impor-

| |
|

tance of these results in relation to his theory is manifest. They
would seem to supply the key to his generalizations and at the same
time to explain the colors of many substances which are difficult
of interpretation by Armstrong’s theory alone. Armstrong’s theory
gives no explanation of why color is produced by the quinonoid link-
ing; there is no esoteric value in any of the linkings of the formula as
light-absorbing centers. The results we have given, however, show
that when the quinonoid configuration exists, isorropesis is set up
between the residual affinities of the groups in the para position,
with the result that an absorption band is developed in the visible
region of the spectrum, producing a yellow or orange color.

In considering the whole question of color, there is no doubt that
the new principle may be extended to include every case; that is
to say, that isorropesis may occur between any adjacent atoms
possessing residual affinity. It must be remembered, however,
that in order for the new oscillation to take place, it is absolutely
necessary for some exciting or disturbing influence to be present.
For example, in the group —C—C— of the a-diketones, each oxygen

|
0

atom possesses a definite amount of residual affinity, and it is evident
that no oscillation can arise between these atoms unless one or both
residual affinities are disturbed. Now, in diacetyl, CH,—CO—CO
—CH,, this influence is furnished by the hydrogen atoms of the
methyl groups. There is an attraction between the hydrogen and
oxygen atoms, with the result that the residual affinities on the latter
tend to be altered. We have direct evidence of this potential enol-
keto tautomerism in the absorption-curve of diacetyl (Fig. 1), for
the curve shows a sudden extension at the ordinate 38. This exten-
sion undoubtedly means the incipient formation of an absorption
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band which occupies the position of the band due to the tautomerism
of a labile hydrogen atom.? Clearly therefore the residual affinities
of the two oxygen atoms are being slightly disturbed, and it is owing
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to this disturbance that the new oscillation or isorropesis takes
place. We may now understand why diacetyl-dioxime is colorless
 Baly and Desch, loc. cit.
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CH,—C —C—CH,, for in this compound we have apparently the

| [
NOH NOH

condition for color, and yet only general absorption is exhibited.
The residual affinity of the nitrogen atoms exerts no attraction on

. the hydrogen atoms of the methyl groups, and therefore is not dis-
turbed in any way. No isorropesis therefore is set up and the com-
pound is colorless. The absorption-curve of diacetyl-dioxime is
shown in Fig. 1. It follows from this that all assumptions that
two compounds must have essential differences in constitution if
one is colored and the other white are untrustworthy.

It is evident that, if our generalizations upon color are correct—
namely, that isorropesis occurs between the residual affinities of
unsaturated atoms in juxtaposition, there is a large field for investi-
gation among compounds of the quinonoid type in which the oxygen
atoms of quinone are replaced by other unsaturated atoms. It
should be noticed that in the quinones the necessary disturbing
influence is provided by the tautomerism of the benzene ring, and
that we are not entirely dependent upon the near presence of hydro-
gen atoms.® We have investigated the nitroanilines and the nitro-
phenols, in which unsaturated nitrogen atoms are present.* The
color of the former and of the latter in alkaline solution has been
accounted for by Armstrong on the assumption that they exist in
the quinonoid form thus

N H N H O ﬁ
¢ / < ONa
CH HC C=N: HC I CH HC | | N
CH HC HC CH HC CH
CH
/\ //\
OH O O ONa
para- ortho- para- ortho-
nitroaniline nitrophenol (sodium salt)

t Stewart and Baly, Chem. Soc. Trans., 89, 618, 1906.
2 Baly, Edwards and Stewart, Ibid., 89, 514, 1906.
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Considerable difficulty was met with by Armstrong in the case of
the meta compounds, because it is impossible to imagine the static
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existence of a linking of this type, as can readily be seen from the
formula, there being no satisfactory way of linking the four remain-
ing carbon atoms of the ring,

Relative thicknesses in mm of a N/10,000 solution.
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I
o

HC( \CH
HC\ JCc=
CH

In Fig. 6 are reproduced the curves of meta- and paranitro-
aniline, and they show the presence of the absorption band due to
isorropesis; this band has, however, much less persistence in the
case of the meta compound. The absorption of the ortho com-
pound is practically identical with that of the para derivative. Now,
these substances all give colorless solutions in the presence of strong
hydrochloric acid; the absorption of these solutions is the same
in each case and is exemplified by the curve in Fig. 7. There is no
doubt from this that in the presence of hydrochloric acid the com-
pounds possess the structure of the true hydrochloride, e. g.:

' CH
HC m C—NH,HCI
0
bt N4
ANV <O
Ct

and that in neutral solution they possess the quinonoid form as
given above. Isorropesis therefore occurs in these compounds
between two unsaturated nitrogen atoms. Similarly, it has been
proved that isorropesis occurs between the unsaturated nitrogen
and oxygen atoms in the quinonoid forms of the nitrophenols. In
these latter compounds, as in the case of the nitroanilines, the isor-
ropesis is very much less in the meta than in the ortho and para
isomers, showing that the metaquinonoid form undoubtedly exists,
but only to a small extent. It is evident, therefore, that some restrain-
ing influence is at work against the formation of the meta-quinone.
It was stated above that the static existence of a meta-quinone is
impossible, but we have in these compounds undoubted evidence
of the meta-quinone existing in proportionately small amounts;
we may conclude, therefore, that this form has not a static but
only a transitory existence. This may be explained as follows.
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The space-formula proposed by Collie* has the advantage of
representing the benzene molecule as a system of atoms in a state
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of continual vibration, and by this means it was possible to express
all the various formulae which had then been put forward as phases

t Chem. Soc. Trans., 71, 1013, 1897.
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of one formula. We consider that this idea of a system in motion
is extremely important, but at the same time it is evident that vibra-
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tions of the atoms not expressly described in Collie’s original paper

must be introduced in order to bring the theory into line with the

spectroscopic and chemical evidence now at our disposal. It has

been shown® that benzene gives seven very similar and closely situ-
* Baly and Collie, Joc. cit,
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ated absorption I;ands, and it was pointed out that the formation
of these can be accounted for by assuming that each band is due
to a separate make-and-break of linking between the carbon atoms
of the ring. There are seven such makes and breaks possible, as
can be seen from the following figures, the asterisks being attached
to those atoms which are changing their linking:

*
cH CH CH CH
* N *
HC CH HC CH HC CH HC CH
* *
HC CH HC CH HC CH HC CH
CH CH CH CH

* *
(1) (2) (3) @

CH ac/ \CH HC 5}1
co ac\ Jcr HC 5}1
(s) (6) (7)

It will be seen that in case (2) a single meta-linking is being formed
or broken; this throws some light on the possibility of the existence
of meta-quinones.

Now, in order to bring the seven phases into existence, it is neces-
sary to assume the displacement of the carbon atoms of the ring,
and we can do this in the simplest way possible—that is to say,
by the ordinary vibration as is accepted by any elastic ring. Thus
we may say that the benzene ring is pulsating between the two dis-
placed forms @ and b
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Each carbon atom possesses residual aﬁinity,'and consequently
in the condition represented in @, when the atoms 2 and 6 and the
atoms 3 and 5 are brought close together, these residual affinities
will produce linkings as shown by the dotted lines. . The atoms
1 and 4, however, are far removed from one another and from the
other atoms, and are therefore unsaturated. On the other hand,
when the ring has passed into the other phase b, then the three
atoms 2, 1, and 6 come very close to the three atoms 3, 4, and 5
respectively, and linking may be considered to be formed between
these pairs of atoms. The linkings existing in phases ¢ and b are
shown for greater convenience on the ordinary hexagons in ¢’ and
. As the ring is pulsating between the forms ¢ and b, many of
the seven phases of linking-change described above will be obtained.
For example, let us consider the ring to have reached the form b; as
it starts opening, the first break will occur between the atoms 1 and
4, giving phase No. 3. This will be followed by the breaking of the
two ortho-linkings 2:3 and 5:6, giving phases Nos. 3 and 6. When
the ring passes through the half-way stage—that is, the circular
form—then we shall have the centric formula, with the result that
phase No. 7 is produced. We can in this way account for phases
1, 2, 3, 6, and 7; Nos. 4 and 5 can readily be understood if the
motions described above are slightly interfered with by collisions
between adjacent molecules. In the above it was assumed that the
displacement takes place so that atoms 1 and 4 are at the ends of
the ellipse in the form @, but in general the displacement will take
place along any of the three possible axes.

This scheme of displacement of the benzene ring renders it per-
fectly possible for meta-quinones to have a transitory existence.
Let us take meta-nitroaniline,

i
CH
H 0
H 0
>N—C NC—N< /
N Ni—| -~
VHO L E. ........ 0. o <0
mc ! Jcm —
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and let the displacement take place along the dotted axes, when
we shall obtain phase a. When in the form g, then the metaquinone

can exist thus:
CH

<OH
HN=Cclc=n.
0o

HC|_|CH )

CH
It must be remembered that this meta-quinone can exist only when
the displacement occurs in the way shown. It is not therefore ncces-
sary to conceive the static existence of a metaquinone, but it is clearly
possible for such a linking to exist during part of the motions of the
ring. '

It has heen stated above that meta-nitroaniline and that meta-
nitrophenol in alkaline solution exist only partly in the quinonoid
form. Inasmuch as a special form of vibration is necessary in
order that the meta-quinone may exist, we may say that in this
fact is to be found the undoubted restraining influence against the
formation of the meta-quinone referred to above.

This pulsation of the benzene ring explains very satisfactorily
many of the characteristic physical and chemical properties of
benzene and its derivatives. The explanation of the chemical
properties need not be detailed here,® but one most striking result
observed in the ahsorption spectra of disubstituted benzene deriv-
atives? is readily accounted for. In these compounds the para
isomer is always more symmetrical than the ortho and meta isomers;
that is to say, the internal motions of the benzene ring are less dis-
turbed by the para- than by either the ortho- or meta-substitution.
This fact is clearly explained by the theory of the pulsating ring,
because it is evident that in a compound such as para-xylene the
vibration will take place very readily along the dotted axes shown in
the figure

1 Cf. Baly, Edwards, and Stewart, loc. cit.
3 Baly and Ewbank, Chem. Soc. Trans., 87, 1355, 1905.
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'
para-xylene

In the ortho-and meta-compounds the unsymmetrical loading of
the ring will to a great extent militate against the vibration of the
ring, with the result that the ring is distorted and the several absorp-
tion bands become confused.

Again, this theory of pulsation readily explains the well-known
fact that the two para positions are very close together.

A strong point in favor of this hypothesis is its simplicity. The
motion described is the simplest possible, and is the form of vibra-
tion adopted by any elastic ring—as, for example, a bell when struck.

These results leave no doubt that when two carbonyl groups
are adjacent to one another in a molecule, a new free period of vibra-
tion is established; and, further, that when both the groups are true
carbonyl as distinct from carboxyl carbonyl groups, the frequency
of the new free period is situated in the visible region so that the
substance is colored. In general, our results go to prove that the
new free period or isorropesis is caused by the existence of the linking:

I 2

with the proviso that the residual affinity as expressed by the —C—

X
group is disturbed by the influence of the groups R, and R,. We
have attempted to express the process of isorropesis chemically by
stating that the new free period is connected with the equilibrium
expressed by
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RCTIZRRCCR
II - L

X =X,
Quite recently* we have obtalned some experimental evidence in
favor of the static existence of the ring form b. It is well known
that the substances known as the ¢so-nitroso compounds are yellow
in alkaline solution. This color, as we have shown, in conjunction
with Miss Marsden, is due to the isorropesis occurring with the
form

=

I 24
T‘ 0]
(IZ' =NON

R,
the necessary disturbing influence being provided by the hydrogen
atoms upon the radicle R, as regards the —CO— group and by

the fact that the sodium atom is labile, in the case of the C=N—

grouping. Now, in the case of iso-nitroso-camphor, the stable
form of this compound is yellow in alkaline solution owing to the
isorropesis occurring with the form

ON
/o
CeH o | |
C—-N
This may be expressed chemically by the equilibrium
ON. ONa
o o cZo
CsH 1 || " < CsH:. L | |
Cc— C=N

There is direct chemical and spectroscopic evidence that stable
iso-nitrosocamphor in neutral solution has the form

1 Baly, Marsden, and Stewart, Chem. Soc. Trans., 89, 1906.
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so that our original method of chemically expressing isorropesis
has found experimental verification in the case of iso-nitroso-camphor.
At the present time we have no physical explanation to offer
of the new free period; there is, however, another way of looking
at the phenomenon which perhaps may throw more light upon the
process. Taking the simplest case of diacetyl
CH,—CO—-CO—-CH,
there are two CH,—CO— groups in juxtaposition, and each one of
these, by virtue of the potential enol-keto tautomerism they possess,
causes or tends to cause the appearance of an absorption band in
the ultra-violet. Inasmuch as these two groups mutually influence
one another, it is possible that the two free periods in the ultra-violet
may so far interfere or combine together to give a new free period in
the visible region. On these grounds, therefore, we should look
upon the acetyl group or any other group showing enol-keto
tautomerism and the benzine nucleus showing benzenoid tautom-
erism as being potential color systems. The juxtaposition of two
of these systems in certain definite ways gives rise to isorropesis or
the combination of the two systems to give a new free period. In
the compounds described above the new free period is situated in
the visible region, so that the substances have visible color. It
must be remembered that the conditions may occur in which the
_ isorropic free period iz not in the visible region; in this case the
substance would not be colored. Such a condition occurs in both
pyruvic ester and in ¢so-nitrosoacetic acid in alkaline solution.

CH, H
| l
C=0 C=NONa
| |
C=0 C=0
I AN
OC.H, ONa
Pyruvic ester I'so-nitrosoacetic acid
(dissolved in sodium hydroxide)
OC.H

In the case of Pyruvic ester: compounds the frequency of the isorropic
free period is about 3100, which is not in the visible region, and the
substances are colorless. It appears that the presence of the hydroxyl
oxygen next to the carbonyl group produces this effect, and experi-
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ments are at present in progress with a view of explaining this influ-
ence. It is interesting to note that the frequency of 3100 obtained
with the above two compounds is exactly half-way between the
frequency of the isorropesis of diacetyl (2400) and of the enol-keto
tautomerism absorption (3800), and further that no isorropesis
occurs in oxalic acid where both the carbonyl groups form part of
a carboxyl group:

/OH

C=0

|
C=0

Non
Ozxalic acid
It is very noteworthy that the wave-length of the free period of
vibration established by isorropesis is about the same as that emitted
by the simpler fluorescent organic substances (A=4800—A=4000).
It may be that there is an intimate connection between fluorescence
and isorropesis, and that the former is only a manifestation of the
latter. There is nothing inherently improbable in this idea. In
both cases, visible color and fluorescence, the free period is estab-
lished by the isorropesis; in the former case the free period is estab-
lished by the isorropesis and excited by the incident light and we
have absorption, while in the latter case the free period is established
and excited by the isorropesis, and we have emission. An important
fact bearing on the connection between isorropesis and fluorescence
has been recorded by Nichols and Merritt;* these authors have
observed that, when the fluorescence of fluorescein and certain other
substances is excited by a beam of ultra-violet light, a distinct absorp-
tion occurs of light of the same wave-length as that emitted by the
substance when fluorescent.
CONCLUSIONS
—C

I > are in juxtaposition in
0

the molecule, an oscillation (isorropesis) occurs between the residual
affinitics of the oxygen atoms, which results in the establishment

1. When two true ketonic groups

t Phys. Rev., 18, 447, 1904.



154 E. C. C. BALY AND A. W. STEWART

of a free period of vibration in the visible region of the spectrum.
These substances are therefore colored.

2. This isorropesis occurs also between the residual affinities
of the oxygen atoms in the benzenoid quinones, of the nitrogen atoms
of the quinonoid form of the nitroanilines, and of the nitrogen and
oxygen atoms of the quinonoid form of the nitrophenols. It also
occurs between the residual affinities of the oxygen and nitrogen
atoms of the 4so-nitroso compounds.

3- The process of isorropesis may be expressed chemically by
the equilibrium expressed by

f
L
cmed Ncr . wme/ \cu
or HCIJCH ~ HC ICH
ﬁ |

o—--

4. It is necessary to assume the transitory existence of a meta-
quinonoid linking to account for the phenomena observed with
meta-nitroaniline and meta-nitrophenol.

5. Many of the physical and chemical properties of benzene
are explained by considering that the benzene ring is elastic and
undergoes the same vibrations as are suffered by any elastic ring.

6. The meta-quinonoid linking is possible during one phase of
the displacement of the benzene ring.

7. In order to start the isorropesis, it is necessary that some
influence be present to disturb the residual affinities upon the atoms
concerned. '

8. This influence is provided in compounds of the type of diacetyl
by the neighboring hydrogen atoms which are attracted by the oxygen
atoms; in the benzoquinones it is provided both by the hydrogen
atoms and also by the benzenoid tautomerism.
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9. Subject to the proviso referred to in 7, there is no doubt that
this principle may be extended, and that all the phenomena of visible
color are due to the oscillation between residual affinities on atoms
or groups of atoms in juxtaposition.

10. Any assumption that two compounds must be fundamen-
tally different in constitution if one is colored and the other white
is quite untrustworthy.

11. It is possible that color and fluorescence are evidences of
the same phenomenon—isorropesis. In the former case the isor-
ropesis provides the mechanism, and the incident light actuates
it; in the latter case the isorropesis both provides and actuates the
mechanism.

SPECTROSCOPIC LLABORATORY,

University College,
London.
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THE CHEMICAL REACTIVITY OF THE CARBONYL
GROUP AS MEASURED BY ITS ABSORPTION
SPECTRUM

By A. W. STEWART: anp E. C. C. BALY

The question as to how far the space relations of atoms within a
molecule could affect the properties and reactions of certain com-
pounds was first raised twenty years ago by Wislicenus, and since
that time the problem has attracted the attention of many chemists
and physicists. Yet, in spite of the great interest which it has aroused,
it cannot be said that very great progress has been made in some
branches of the subject. An example may be chosen from the work
of Menschutkin upon the esterification of aliphatic acids.

By a series of measurements he was able to show that, while
a simple acid esterified with ease, the derivatives of the same acid,
" which were formed by the substitution of methyl groups for hydrogen
atoms in the original compound, were much more difficult to esterify.
The velocity of esterification was proved to be quite independent of
the affinity constant of the acid used, as the following table shows:

Name of Acid Formula Velocity of Affinity
Esterification Constant
Acetic................. .. CH;.COOH 3.661 0.00180
Propionic................. CH,;.CH,.COOH 3.044 0.00134
Isobutyric ................ (CH3),CH.COOH 1.0196 0.00144
Trimethyl-acetic........... (CH3);C.COOH 0.0909 0.00098

The most obvious explanation for this phenomenon appeared
to necessitate the assumption that the volumes of atoms were not
negligibly small when compared. with their intramolecular paths
of vibration. If this assumption be made, the phenomenon of
hindrance can be understood and the cause explained in the follow-
ing manner. The esterification process requires that the alcohol
molecule involved in the reaction should approach very closely to
the carboxyl radicle of the acid used. Such an approach will be

¥ Carnegie Research Fellow.
95
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easy, so long as the groups attached to the carboxyl radicle are not
bulky. This is the case in acetic acid. But if for the hydrogen
atoms in the acid nucleus we substitute methyl radicles, which are
much greater in volume, the alcohol molecule will find much greater
difficulty in forcing its way into the neighborhood of the carboxyl
group, just as a person would find greater difficulty in walking into
a crowded room than into a sparsely filled one.

There can be no doubt that, if atoms have any size at all, this
theory of “steric hindrance,” as it is called, will hold good; but it
cannot be proved that the effects attributed to this cause play any very
considerable part in the reactions in question. It seems more prob-
able that the free paths of the atoms in their intra-molecular vibra-
tions are so large in comparison to the size of the atoms themselves
that this heaping up of substituents in the neighborhood of the reactive
group would have no very marked effect.

Stewart® has shown that, when a hydrogen atom near the car-
bonyl group of a ketone is replaced by a methy! radicle, the result
is a decrease in the additive capacity of the carbonyl group. This
might have been anticipated from the hypothesis of steric hindrance,
since the volume of the methyl radicle must be greater than that of
a hydrogen atom. A contradiction between theory and experiment
is found in the case where, instead of a methyl radicle, a —COOEt
group is introduced into the molecule. In the case of the latter
group it is found that, instead of decreasing the velocity of addition
of sodium hydrogen sulphite, as its bulk might lead us to predict,
it has the contrary effect; for some of these ketones which contain
a carboxyl group are much more reactive than the corresponding
simple ketone, and, a fortiori, than the methyl substituted ketone.
The figures found for acetoacetic ester, acetone, and methyl ethyl
ketone show this clearly:

10 20 30 40 Min.
Acetoacetic ester.......... CH;COCH ,COOE! 37.4 | 47.0 | 56.0 | 60.0
Acetone.................. CH;COCH, 28.5 1 39.7 | 47.0 | 53.6
Methyl-ethyl ketone ...... CH3;COCH,CH,; 14.5 | 22.5 | 25.1 | 29.1

The figures give the percentage of bisulphite compound formed
t Chem. Soc. Trans., 87, 185, 1905; Proc., 21, 78.
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by each ketone during the time indicated. It is thus made evident
that some new influence has come into play, which tends to mask
or modify the steric hindrance due to the more voluminous group.

The carboxyl group in itself, however, is not sufficient to produce
this increased reactivity of the carbonyl radicle, as the rate of addi-
tion of sodium hydrogen sulphite to ethyl laevulate CH,.CO.-
CH,CH,.COOE¢ was found to be slightly lower than that found
in the case of methyl propyl ketone CH,.CO.CH,CH,.CH,,
which contains a carbon chain of the same length; and a like result
was observed in the case of the diketone acetonyl acetone CH,.
CO.CH,.CH,.CO.CH,. On the other hand, acetone dicar-
boxylic ester COOEt.CH,.CO.CH,.COOEt has an additive
capacity even greater than that of ethyl aceto-acetate. Acetone
shows very little sign of tautomeric change; while, on the contrary,
acetoacetic ester and acetone dicarboxylic ester are tautomeric
compounds. Thus here again theory and experiment appear to
be opposed to one another, the true carbonyl compound having
much less reactive power than the semi-enolised body. It occurred
to us that in this fact was to be found the key of the problem, and
that the exceptionally great reactivity of the carbonyl group in
tautomeric compounds was due to the actual process of tautomeric
change. Acetoacetic ester, under conditions, exists as an equilib-
rium mixture of the two bodies (I) and (II); and the conversion
of the first into the second, and vice versa, is going on continuously.

(I) CH,—C=CH-COOE! Imn CH3—?I,‘—CH—COOEI.
OH

Now, when a molecule of (I) is converted into a molecule of (II),
the result is the formation of a carbonyl group from a hydroxyl
group. From analogy with the behavior of atoms in the nascent
condition, we must suppose that this ‘“nascent carbonyl group”
is endowed with a much greater reactivity than that possessed by
the ordinary non-nascent carbonyl radicle. This activity need
not, however, be occasioned purely by the. actual wandering of
the hydrogen atom from the oxygen to the carbon; it may be due
to some finer play of forces within the molecule which manifests
itself in the production of the characteristic absorption of the acet-
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oacetic ester spectrum. The condition into which the hydrogen
atom is thrown as a result of this play of forces may be termed a
condition of “potential tautomerism,” and in it the hydrogen atom
will possess a reactive power more or less analogous to that required
by an atom as a consequence of the ionisation process.*

If. we now apply this idea to several cases which have hitherto
been classed under the head of steric hindrance, it will be found that
they can be satisfactorily explained. Taking the case of the ketones
which have already been dealt with by one of us,? a marked decrease
in the reactivity of the carbonyl group is shown when the hydrogen
atoms of acetone are successively replaced by methyl radicles.

In the course of their investigations of the spectra of derivatives
of acetoacetic ester, Baly and Desch? proved that the equilibrium
between the enolic and the ketonic forms produces an absorption
band in the ultra-violet region of the spectrum; and they also showed
that this band is not due to the shifting of a hvdrogen or metallic
atom, but is rather to be considered as the result of some intra-
atomic change. In the hope of finding some analogous process
in the simple ketones, we examined the absorption spectra of several;
and we found that a similar absorption band exists there as well. We
further noticed that the persistence of this band decreases proportionately
to the diminution in the reactivity of the ketone’s carbonyl group.+

For instance, the following figures show the percentages of oxime
formed by various ketones in twenty minutes;5 and on comparing
these amounts with the curves of the absorption spectra shown in
Fig. 1, the relation between the two will be evident.

% Oxime Formed

Acetone, CH,COCH,; . . . T I
Methyl ethyl ketone, CH;COCH. ,CH e .. ... 392
Methyl propyl ketone, CH,COCH,CH,CH, . . . . . 37.3
Methyl iso-propyl ketone, CH,COCH(CH ), . . . . 3L
Pinacoline, CH;.CO.C:(CH3); . . . . . . . . . 17.0

t Baly and Desch, Astrophysical Journal, 23, 110, 1906.

2 Stewart, loc. cit.

3-Loc. cit.

4 The method of observing and plotting the curves of absorption spectra was
described in the previous paper (4strophysical Journal, 23, 110, 1906).

5 Stewart, Chem. Soc. Trans., 87, 410, 1905.
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Lapworth® showed that the action of halogens upon acetone
was preceded by the production of the enolic form of the ketone;
and he found, further, that the presence of acids hastened the reac-
tion. Now, he had already shown? that the presence of acids brings
about a rapid attainment of equilibrium between the tautomeric
forms of carbonyl compounds; or, in other words, the addition of
acid has a tendency to produce a “nascent carbonyl group.” Hence,
in the case of acetone itself, not only is there direct spectroscopic
evidence in favor of tautomeric change, but the chemical evidence
at our disposal is also favorable. Instead of attributing Lapworth’s
results to the actual formation of the enolic form and an immediate
addition of halogen, we prefer to look at them from another point
of view. It is obvious, if we consider the change of the group
_CH=CH(OH)— into —CHH-CO—, that the hydrogen
atom marked with an asterisk must become ‘pseudo-nascent”
in the process of change. It would therefore be peculiarly liable
to chemical action, and would easily be replaced by halogens. The
very great ease with which the methylene hydrogen atoms in acet-
ylacetone are replaceable by halogens lends further support to
our hypothesis.

In their paper Baly and Desch (loc. cit.) stated that acetonyl-
acetone and ethyl laevulate were pure ketonic substances; but on
examining the spectra of these substances at greater concentra-
tions than were previously employed, we have been able to detect
at one point a rapid extension of the spectrum which corresponds
to a very shallow absorption band (Fig. 2). The shallowness of the
band indicates that the tautomerism in these two compounds is
very weak, which agrees with what has been found with regard
to the reactivities of their carbonyl groups. The close agreement
between theory and experiment in these cases is very noteworthy.

Now Petrenko-Kritschenko has shown3 that the speed of phenyl-
hydrazone formation is greatly influenced by the nature of the sol-
vent in which the reaction is carried out. It appeared probable
to us that this might be due to the influence of the solvent upon the

1 Chem. Soc. Trans., 85, 32, 1904.

z Ibid., 81, 1503, 1902 and 83, 1121, 1903.

3 Journ. Russ. phys.-chem. Soc., 35, 404, 1903.
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tautomerism process; and to test the matter we examined the spectra
of acetone and acetoacetic ester in aqueous solution, using as a
control in the latter case the spectrum of diethylacetoacetic ester,
which is much less tautomeric than the parent substance. From
the curves for acetone in alcoholic and aqueous solution it will be
seen that the influence of water is very marked, the band in the
latter case being much shallower than in the former. The three
curves shown in Fig. 2 give the absorption spectra of the acetoacetic
ester series; and it is obvious from them that the water has reduced
the tautomerism very considerably. It is probable that the greater
the unsaturation of the solvent, the less reactivity will be shown by
the carbonyl group of the dissolved ketone.

The evidence from simple ketones being so far favorable, we must
now examine the case of ketones containing an ethyl carboxylate
group. If tautomeric change alone were the cause of the reactivity of
the carbonyl radicle, compounds containing the group—CO —-CH,
—CO — should be more reactive than those which do not contain
it, and the reactivity of the carbonyl group in pyruvic ester (CH ;-
COCOQE?) should not be at all abnormal, since the group in ques-
tion does not occur in it; if, however, the reactivity were found to
be great in this case, we hoped that some light might be thrown
upon the problem by the study of the compound’s spectrum.

We therefore decided to compare the rates of addition of potas-
sium hydrogen - sulphite to acetone, acetoacetic ester, acetonedi-
carboxylic ester, and pyruvic ester. The results obtained by the
method employed are given in the table below:

5 l 10 15 Min.
|
ACCtone. . v .vevnnnnn.. CH,COCH, 5 | ; 0%
Acetoacetic “ester....... CH,COCH ,COOE! 12 | 18 24
Acetonedicarboxylic ester] CO:(CH,COOEY), 30 36 42
Pyruvic ester.......... CH;COCOOEt 52 64 76

In spite of the precautions taken, these numbers are probably
not quite accurate, owing to various causes which cannot be con-
trolled; but the différences between the numbers themselves are
very much larger than any possible experimental error under the
conditions employed.

An examination of the figures shows that the introduction of a
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—COOE! group into acetone increases the additive capacity of the
carbonyl group; the introduction of two —COOE! groups still
further enhances the reactivity of the carbonyl group; but the most
striking effect is produced when, as in the case of pyruvic ester,
the carbonyl and carboxyl groups are brought into juxtaposition
in the chain. Now, in the case of pyruvic ester, though the com-
pound does sometimes react in the enolic form, it is most improbable
that the change of the enolic into the ketonic form is going on at a
rate at all comparable to that in which it is occurring in acetoacetic
ester or acetonedicarboxylic ester, so that it is not likely that the
exceptional reactivity of the carbonyl group in pyruvic ester is due
to this kind of tautomerism.

We thought it advisable to examine the spectrum of pyruvic
ester, in the hope that some light might thus be thrown on the prob-
lem of the activity of the carbonyl group. We found that pyruvic
ester gives an absorption band which lies much nearer to the red
end of the spectrum than the band given by acetoacetic ester. The
origin of the band in the pyruvic ester spectrum might be looked
for in two phenomena; either in the enol-keto change of the group
CH,—CO—, or in the interaction of the carbonyl and carboxyl
groups of the radicle —CO—COOEt. The first explanation is
impossible, since, if the band were produced by a similar state of
intra-atomic vibration in both instances, it would occur in nearly
the same place in the spectrum, while actually the new band has
its head with a frequency of 3100, while that of the acetoacetic
ester band lies at 3700. Further, since the molecule of pyruvic
ester is lighter than that of acetoacetic ester, we should expect to
find the band in the latter case nearer to the red end of the spectrum
than in the former; while actually the reverse of this is observed.

In order to make certain that the band in question was actually
produced by the proximity of two true carbonyl groups in the chain—
i. e., that it was not due to the —COOE¢ group of the carboxylate
radicle—we examined the spectra of several a-diketones and found
a similar band in all of them, though in them it was situated nearer
the red end of the spectrum. For example, in the case of camphor-

C=0
quinone CgH,,{ | (Fig. 3) it will be seen that an absorption
C=0 '
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band is shown which has a very long persistence. Its head lies at
a frequency of 207o0.
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It was thus proved that the type of band in question was due to
the two carbonyl groups in the a-position to one another. It has
already been pointed out that Baly and Desch concluded that,
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though the keto-enol absorption band was produced by intra-atomic
vibration, it was caused by the change of linkage brought about
by the oscillation of the hydrogen atom during the change from the
ketonic to the enolic form. From analogy we should expect to find
a somewhat similar state of things in the present case. Now, the
only possible way in which such a change of linkage can be sup-
posed to occur in pyruvic ester is by imagining that, like acetoacetic
ester, it occurs in two forms:

1) CH,—C—C—OFt () CH,—C=C—OE!
I

0-0

It is very hard to indicate exactly what is meant by the aid of the
usual structural formula, as they only indicate a static condition of
the molecule, while what we wish to suggest is essentially a dynamic
state. We wish to make it perfectly clear that we do not suppose
these two forms necessarily to exist statically; but, owing to the
defect of ordinary structural formule, it is impossible to write them
otherwise if the usual symbols be emplbyed. Our conception can
best be comprehended if it be clearly borne in mind that the two
formula are not intended to represent actual compounds, but merely
two phases of the same compound. If this conception of phases
be understood, it will be apparent that the change of linkage is con-
tinually going on, and that this change will affect the intra-atomic
relations of the molecule very much in the same way as they are
affected by the phenomena of tautomerism.

At the same time, it should be noticed that the change of linkage
from (II) to (I) would produce what we have already defined as
a ‘“nascent carbonyl group” which would have great reactivity.
Thus we are led to conclude that substances which show these
peculiar absorption bands will in general be more active chemically
than other compounds which do not exhibit such selective absorption.

The idea which we have put forward cannot be considered as
part of the theory of tautomerism, as, owing to its associations, the
name “tautomerism” will always suggest the wandering of a hydro-
gen atom. It is unfortunate that the name “Desmotropism” has
already been employed to denote tautomerism, as it seems well
fitted to describe the phenomenon with which we have dealt. We
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therefore wish to propose the word “Isorropesis” (iocoppormeia,
““equipoise”’) to describe the process.

The arguments in favor of this theory appeared to us to warrant
its application to other classes of compounds, and we proceeded
to make a further series of investigations, some of which will be
‘dealt with in a later paper. For the present, quinone

0
I
C
HC CH
Hc I I CH
C
|
0
is the only compound which need be described. The known close
relation to one another in which the two para-positions in benzene
stand, seemed to lend probability to the idea that a band somewhat
similar to those observed in compounds containing the group — CO —
—CO — might be found in the spectra of the para-quinones. Our
anticipations were again justified, as the quinone spectrum has a
band almost identical with that of camphor quinone, its head lying

at 2150 (see Fig. 4). Now, it is known that quinone can exist in
two forms, for both of which chemical evidence has been adduced:

0 0

I |

C ¢
HC (m CH HCOCH
acl bew  mcl Jem

/

s o

| |

0 0

It appears not unwarrantable to assume that in this case also
the absorption band is caused by the “make and break of contact”
between the two oxygen atoms, as already suggested for pyruvic
ester.. Thus it may be concluded that the actual wandering of a
hydrogen atom is not necessary for the production of these absorp-
tion bands. Again, since the result of this “make and break”
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would be the production of two nascent carbonyl groups, an explana-
tion is thus given of the great chemical activity of the carbonyl
radicles in quinone.
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It is thus proved that the two carbonyl groups in the a position
to one another give rise to a new type of absorption band. From
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analogy with Baly and Desch’s observations that the ultra-violet
absorption bands are produced by the change of linkage brought
about by the oscillation of the hydrogen atom in the process of enol-
keto tautomerism, we should expect to find a somewhat similar
change of linkage in the a-diketones. We propose to reserve a
full discussion of this process to a further paper in connection with
its relation to color, but it may be stated that we are undoubtedly
concerned with the residual affinity upon the two oxygen atoms. The
free period giving rise to the absorption band is due to a mutual
disturbance or an oscillation between these residual affinities.

It would seem that the results described above are of considerable
importance, for they show that the chemical reactivity of a ketonic
compound can be measured directly by means of the spectroscope.
We find that the persistence of the absorption bands given by these
compounds is directly proportional to their chemical reactivity.
It is a logical conclusion that the chemical reactivity of these com-
pounds is due to a change of linkage within the carbonyl group
of the ketone. This change of linkage may either be produced
by a wandering hydrogen atom such as occurs in the reversible
cquilibrium

*—CH,—C— —CH=C—
L
which occurs or tends to occur in the monoketones and the 8 dike-
tones containing the —C—CH,—C— group, or it may be produced

I

O
by isorropesis or the oscillation between the residual affinities of
two carbonyl oxygen atoms in juxtaposition, thus

—C—C— —C=C—

Il | |

0O O 0-0
Furthermore, it is evident that all measurements of the chemical
reactivity of a ketonic compound are simply measurements of the
amount to which tautomerism is present in the compound. A
very great deal of importance has been attached to these measure-
ments in connection with the theory of steric hindrance, but our
results, we are sure, will go far to discountenance this theory. There
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is no doubt that the decrease in chemical reactivity caused by the
substitution of hydrogen atoms by groups of atoms is caused, not
by the bulk of these atoms, but simply by the fact that fewer hydro-
gen atoms are available for the tautomeric processes. It is unneces-
sary to cite in this place the many reactions of ketones which have
been measured in support of the theory of steric hindrance, but
there is no doubt that they can all be explained more easily and
more rationally by the conception of the nascent carbonyl group
set forth above.

The method employed for the photography of the absorption
spectra of the substances, as mentioned above, has already been
described;* the compounds were in each case prepared most care-
fully and satisfactorily answered every test of their purity. Except
where especially mentioned to the contrary, the absorption spectra
of the substances were observed in alcoholic solution.

CONCLUSIONS

1. The reactivity of any carbonyl group is not inherent in the
group itself, but is produced by the action of neighboring atoms
upon the carbonyl group rendering it “nascent.”

2. Such action may take the form of tautomerism, or of a modi-
fication of tautomerism which does not require the actual transfer of
a hydrogen atom from one atom to another, but merely some intra-
atomic disturbance in the system —CH,—CO—.

3. The action may also take the form of the process which we
have termed “isorropesis,” in which no actual wandering of the
atoms occurs, but in which some oscillation between the residual
affinities of the oxygen atoms of the two carbonyl groups is involved.

4. Many cases which at present are accounted for on the hypoth-
esis of steric hindrance can be better accounted for either by tautom-
erism or isorropesis; and some cases which are in direct contra-
diction to the steric theory can also be explained. It is therefore
claimed that the hypothesis of the ‘“nascent carbonyl group”
accounts more satisfactorily for the facts and is superior to explana-
tions based upon the idea of steric hindrance.

5. When the possibility of the formation of a nascent carbonyl

t Baly and Desch, loc. cit.
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group is excluded, neither the usual ketonic reactions nor an absorp-
tion band is observed. The carbonyl radicle may then be considered
an ‘“‘inactive” carbonyl group in contradistinction to a ‘“nascent”
one.

6. Inasmuch as both the processes of tautomerism and isor-
ropesis result in the appearance of an absorption band whose per-
sistence is a measure of the amount to which these processes are
taking place, it is possible to determine the chemical reactivity of
a ketonic compound by observing the persistence of the absorption
band.

In conclusion we wish to express our thanks to the Chemical
Society of London for a grant toward the expenses of this research;
to Professor Collie and Dr. Smiles, for the great interest they have
taken in the work; and to Mr. W. B. Tuck, B. Sc., for assistance
during the course of the investigation.

THE ORGANIC AND SPECTROSCOPIC LLABORATORIES,
University College, London.
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Thymoquinone.
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Oscillation-frequencies.
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Chlorobenzoquinane.
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Dichlorobenzoquinone.
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Trichlorotoluguinone.
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Dichlorothymoguinone.
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