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INTRODUCTION 

If the.introduction of a group X into a compound produces a new structure that can 
exist in ,tautomeric forms, its effect on J!M will be different from the homologous 
increment,ilXM(X). 

Tautomerism is ,possible in many types of compound, although its e.xistence is 
often difficult to establish with certainty. It is most clearly established when both 
tautomers are suffkiently stable to be capable of independent isolation. Several 
classic cases of keto-enol and nitroso-oxime tautomerism fall into this category. 
In certain instances -as with I,+naphthaquinol, described below-the individual 
tautomers are exceptionally stable and, chromatographically, can be dealt with as two. 
separate species; but, in other compounds, interconversion is more rapid and can be 
espected to occur during chromatography. Most, compounds in which tautomerism is 
postulated are not in fact separable into two forms at all, and the tautomerism is. 
implied by .either chemical or physical evidence, sometimes both. (Chemical and 
physical evidence often fail to agree as to the existence of tautomerism: sometimes 
they agree but lead to diametrically opposed conclusions as to the nature of the tauto- 
merit form; cf. the conflicting evidence as to keto-enol forms in phloroglucinol, and 
HODGSON~~~ and ANDERSON AND YANKEE on the structure of $-nitrosophenol.) 

The problem of tautomerism cannot be neglected in any discussion on the relation 
between chromatography and chemical structure. It is, in many ways, a more complex 
problem than other “constitutive” effects on RJ~. Indeed, it is not strictly speaking a 
constitutive effect at all, since if a c,ompound is tautomeric it must be treated from the 
theoretical point of view as a mixture of two compounds, in each of which additional. 
constitutive effects on XM(hydrogen bonding, steric and polar interaction) may occur. 
There are three reasons why tautomerism may be of especial importance in cbromato-. 
graphic studies. Since tautomerism in most cases involves the mobility of a hydrogen 
atom the two forms can be espected to differ chromatographically to a large extent. 
Secondly, chromatographic separation and identification is particularly valuable in 
the study of complex molecules, precisely those in ?A:hich the possibility of tauto- 
merism is increased and in which tautomers may have increased stability because of’ 
increased possibilities of resonance stabilisation, Finally, tautomeric equilibrium is. 
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markedly affected by solvents: for example, ethyl acetoacetate ‘contains 0.4 o/o’ of 
enol form in water, but 46.4 O/. in hexane4. Therefore, under the conditions of partition 
chromatography, providing interconversion of tautomers can take place rapidly 
enough, each phase may contain the two tautomeric forms in different proportions. 

THE NATURE OF TAUTOMERISM IN’ PHENdLS 
AND $J-NITROSOPHENOLS 

The problem of tautomerism in phenols has been reviewed by THOMSONS. The chemical 
and physical properties of phenol itself indicate that it esists almost exclusively in the 
enol form (I), although the existence of a minute proportion of keto form (II) cannot 
be ruled out. *’ 

01-I 0 

13 1: 0 
1,: 

(1) (II)’ 

Although a keto form is intrinsically more stable than an enol form by about 18 kcal/ 
mole, the energetic advantage in ketonisation of (I) is more ‘than offset, by the loss 
in resonance energy involved, about 35 kcal/mole. Polyhydrosybenzenes can be ex- 
petted to contain a gre.ater proportion of keto forms, since in them the gain in energy 
on ketonisation may more nearly compensate for the loss of resonance energy. Never- 
theless, although in the most favourable compounds, such as phloroglucinol, there is 
some chemical evidence for ketone formation, the existence of such forms in the’ 
ground state is highly speculative. Bicyclic and polycyclic phenols, show greater 
tendency to ketonisation, since the loss of resonance energy involved becomes pro- 
gressively smaller as the number of aromatic rings increases. Thus, with 9-anthranol 
(III); the loss of resonance energy in converting the central “aromatic” ring to a 
quinonoid structure is so small (about 12 kcal/mole) that the keto form is energetically 
favoured and this indeed is the simplest carbocyclic monophenol to e,xist in ‘both 
tautomeric fprms, the,keto form being 9-anthrone (IV). 

01-I 
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(III) (IV) ’ 

In polycyclic dihydroxy compounds ketonisation is still more favourable’energetically, 
and the bicyclic compound, r,4-naphthaquinol ‘exists in a stable diketo for& 

The problem of tautonierism in nitrdsophenols is’ also Still open. Theoretically 
$-nitrosophenols can exist in three forms (V), VI) and ,(VII), although form (VI) is 
usually ignored. 
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Chemical evidence indicates tautomerism in these compounds, while the physical 
evidence is inconclusive. HODGSON 192 has amassed strong chemical and physical 
evidence in favour of the nitroso form as the chief component. ANDERSON AND YANXE~, 
from a spectral study, concluded that $-nitrosophenol existed as an oxime (VII), but 
their interpretation of the evidence has been critixed by HOPGSON~. More recently 
SCRORS, KRAAIJEVELD AND HAVINGA~ have re-examined the spectra and estimated 
that $-nitrosophenol contains about 20 o/o of (V) in methanol and 30 oA in acetone, 
4-Nitrosonaphthol, on the other hand, e,xists exclusively as oxime form (VII) owing 
to the stability of the naphthaquinone structure. There is no evidence, either chemical 
or physical, for the e,xistence of a nitroso form in this compound’. 

In order to study tautomerism chromatographically i.t is essential to eliminate 
(or to be able to account for) all other molecular factors influencing RM. This is 
usually a difficult problem. Thus resorcinol and hydroquinone, in both of which the 
possibility of limited tautomerism e.xists, separate chromatographically8; but the 
effect of tautomerism in these molecules (if it e.xists) cannot be studied without taking 
into account the general problem of the separation of +n- and $-isomerss. We have 
therefore limited ourselves here to a study of tautomerism in (a) the one monohydric 
phenol in which it has been shown unequivocally to occur and in which other consti- 
tutive effects on chromatography are non-existent and (b) some fi-nitrosophenols, 
whose tautomerism is well established also. 

THEORETICAL 

The chromatographic behaviour of a tautomeric mixture theoretically depends on the 
rate of interconversion of the tautomers and on the position of the tautomeric 
equilibrium. If the position of equilibrium is such that one tautomer e.xists only to a 
small extent, the substance will, from the practical point of view, behave as if it were 
a single form. If sufficient of a second form is present to affect Rm, chromatographic 
behaviour will be governed by the kinetics of interconversion. If the rate is slow, as in 
1,4dihydroxynaphthalene or naphtharesorcinolb, the two tautomers should be 
separable and their individual RN values can be calculated from MARTIN’S equation, 
with due consideration to other constitutive effects (see the separation of the two 
forms of I,+naphthaquinol, described below). When the rate of interconversion is 
more rapid, however, the tautomeric change may interfere with the establishment of 
chromatographic equilibrium and, consequently, the solute will migrate, not as a 
zone, but as a difluse streak. Such a compound is truly impossible to chromatograph 
in any system in which such rates occur. (We have found what appears to be a genuine 
example in o-uitroso-&chlorophenol. On reversed phase chromatography with olive 
oil as stationary phase and aqueous ethanol as mobile phase, it gives only elongated 
streaks, although it is readily soluble in both phases. The compound was also im- 
possible to chromatograph in direct phase trigol/ether systems although once again 
it was soluble in both phases. The effect could not have been due to adsorption as 
other. nitrosophenols could be run satisfactorily in these systems.) Finally, when the 
‘interconversion of tautomers is very rapid, the solute will migrate as a discrete spot 
and its RM value will not be the theoretical RM value of either tautomer but will be 
determined by the relative, amounts of each form in each phase. 

The effect of tautomerism on RM can be studied by, the following treatment, 
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which also makes it’ possible to determine the -position of tautomeric equilibrium. 
Consider two ,tautomeric forms, A and B, of a ,compound. Let x ,and y be the ‘con- 
centration of form A and z and ti the concentration.of form B in the stationary and 
mobile phases respectively, during the development of the chromatogram. The con- 
dition for chromatographic migration as a discrete zone is that all these concentrations 
are at equilibrium. According to CONSDEN, GORDON AND N~ARTIN~O 

where a is the partition coefficient of the solute and AL and As are the cross-sectional 
areas of the moving and stationary phases respectively. Then, at equilibrium, 

x AL ( I _=-- --_--_A-_ 

Y As RF(x,u) ) (?) 

and 

z AL I 
-=- 

u 4 s 
-- .- 1 

RF(M) > 

x3-z 'AL 
--=- 

‘y+u As 

(3) 

(4) 

where RP(~~~) = the experimentally found Rp value of the’ tautomeric compound, 

%x,v) = the hypothetical RF value of A, and RJT~,~) = the I~ypotheticalXp value of B. 
By rearranging and combining eqns. (2), (3) and (4), we obtain the following ex- 

pression for the position of the equilibria. 

Itithe stationaryphase, 

In the mobile phase, 

I I 
------- 

Y Rl;l(z,u) R~(exp) -- -- - 
iv I I 

(6) 
-----y-e- 

R~(exp) / ~P(X,Y) 

The solventeffectonthetautoxneric equilibriumis givenbythe empirical equation of 
DIMROTN~~, which was verified by MEYER~~: 

CA’ LA G 

..Cn=z- 

.’ 

where CA and CB are the concentrations of A and B and LA and LB their solubilities, 
respectively. G is,aconstant, which is characteristic,for the system and is independent 
of the nature of the solvent. I 1’ 
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This expression indicates that tautomeric equilibria can be studied chromato- 
graphically when the ratios of the solubilities of A and B in the stationary and mobile 
phases are considerably different, as in the case of systems such as keto-cnol, but not 
when the solubility ratios are similar. 

If the hypothetical RF values for the two forms can be calculated by means of the 
group additivity principle, the position of tautomeric equilibrium can be calculated 
from the experimental RF value of the tautomeric compound. For this study we have 
used the hdterocyclic phenol, thienol (z-hydroxythiophen) (VIII). 

This substance was recently prepared by HURD AND KREUZ~~ who offered clear 
chemical and physical evidence for its existence in keto and enol forms. There are, 
as shown, two k&o forms possible, the 3- and a-butenolactones; but the ultra-violet 
absorption spectrum indicates that the z-butenolactone form is predominant, and in 
the following calculations we have assumed that only this keto form is present. Thienol 
is the only known monohydric mononuclear phenol that has been unequivocally 
shown to be tautomeric. This is due to the markedly diminished aromatic character of 
the thiophen ring. 
, The tautomeric equilibrium was also determined in fi-nitrosophenol and 4-nitroso- 
I-naphthol. : ., 

EXPERIMENTAL 

With the esception of P-(2-thiophenylmethoxy)-phenol, all the compounds are 
known and were either obtained commercially or prepared by literature methods. 

~-(2-T/~i0~h~l~yZ~~tho~y)-~rlze~zoZ was prepared by heating hydroquinone (20 g) , 
sodium (I g), chloromethylthiophen (5 g) and ethanol (250 ml) under reflus for 3 h. 
The product was extracted into ether, washed with water and then chromatographed 
in benzene on 50 g of Decalso I?. Elution with benzene gave a fraction that coupled 
with diazotized o-dianisidine to give a red-brown colour. Crystallisation from light 
petroleum-benzene gave the required product as white crystals, m.p. roe--101~. 
It analysed correctly. 

Whatman No. 4 papers (23 x 57 cm) were impregnated with trig01 (triethylene glycol, 
IO yO in chloroform) and dried for I 11. The mobile phase was either (A) di-isopropyl 
ether or (B) di-qz-butyl ether, the ether being saturated with trigol. ‘Chromatograms 
were developed by the descending method in an atmosphere of nitrogen. Solutes were 
spotted as thin lines 3 cm long, Go !dg of each substance being used. Development 
times of I h,2 11, and 4 h were used, giving solvent front migrations of 21,32 and46 cm 
respectively. The Xr;l values were shown to be independent of the development time. 
Some of the key compounds (such as $-benzoquinone and $-nitrosoanisole) were 
relatixely , volatile ,and were -chromatographed by a special technique. The paper was 
placed between, two \glass sheets (56 x IO x 0.5. cm), so :that the starting line was 
between the sheets and the end of the paper dipped into the solvent trough. Chroma- 
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tography was carried out horizontally. (This technique is a modification of our tankless 
method, previously describedla, and is suitable if the solvents are relatively non- 
volatile and anhydrous and only a few compouncls are to be chromatographed. As 
pointed out earlier, glass sheets cannot be used in a pile, as they distort under pressure.) 
RJP values,for standard substances were found to be the same by the two techniques. 

Over-racnning 

To obtain the necessary information on tautomerism it is often necessary to chromato- 
graph substances with widely differing speeds of migration. Thus, quinol migrates 
very slowly in the trigol/dibutyl ether system. To obtain the Rp value of this compound 
accurately, therefore, the over-running technique was used. Quinol was spotted side 
by side with a marker substance of known RF, $-benzoquinone dioxime, and the 
chromatogram developed by the descending method for 28 h. During this time the 
solvent over-ran the paper and the marker substance had migrated nearly the whole 
length of the sheet. Since Xr;, was shown to be independent of development time, 
the Rr;l(quinol) could be determined from the RR value of the marker. 

Spot visacalization 

(a) Hyclroquinones and their mono-ethers with a mixture of equal volumes of 0.2 % 

ethanolic ferric chloride and 0.5 o/0 ethanolic z,z-dipyridyl. (b) Phenols and o,ximes 
with 5 o/o aqueous K&O, followed by diazotised o-dianisidine. (c) Quinones with 
50 % aqueous ethylamine. (d) p-Nitrosoanisole with a 20 y. (v/v) solution of aniline in 
acetic acid. (e) Dihydro-r,4-naphthaquinone with cont. H&30,. 

RESULTS, CALCULATIONS AND DISCUSSION 

Table I gives the X F and Rw values of the compounds required for the various 
oalculations. Two systems were used to obtain data, as certain key compounds migrate 
too far in one system. Since eqns. (5) and (6) are only obeyed if chromatography is by 
pure partition, it was essential to eliminate the possibility of adsor$tion .playing a 
part. Several compounds, ‘therefore, were run’in systems A and B, supported on ‘glass 
paper. They were found to have the same RF values as on cellulosic paper; ‘and it ‘was 
assumed that adsorption effects, if they occurred were small enough to be ignored. 

In the following calculations, the numerical value of ARM parameters for groups 
substituted in an aromatic ring arbitrarily includes a contribution due to the replace- 
ment of one hydrogen atom. Thus, ARM(OH) includes the unknown but’small sub- 
traction of dRM(aromatic H). This procedure eliminates several tedious repetitioni, 
and no error is introduced into the calculations, as the hydrogen atoms cancel out. 
The dR&f value for the divalent group (CH=CH-CH=CH) includes the loss of two 
hydrogen atoms. 

(a) Calcdntion for tltienol, 

The Rp value of thicnol is (eqns. (5) and (6)) determined by the chromatographic 
equilibrium of two tautomeric forms. To calculate the position of equilibrium, the 
Rp values of these two forms must be found. To do this, ARM(OH) is calculated first 
and then AR&l for the ketonisation of a phenol. Thienol is then converted to a deriv- 
ative of its pure enol form, which by c.omparison with a similar derivative of a 
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TABLE I. 

RF* AND &!n~~~~~~s~~ PHENOLS,+ALKOXYPHENOLS,QUINONES, OSIMES AND 

fi-NITROSO COMPOUNDS ON PAPER IMPREGNATED WITH TRIGOL 

The mobile phase was either (A) di-isopropyl ether or (B) di-wbutyl ether 

Phenol 
fl-Methoxyphenol 
r-Naphthol 
z-Naphthol’ 
Quinol 
+Benzoquinone 
1,4_Naphthaquinone 
z,3-Dihydro-r,q.-naphthaquinone 
1,4-Naphthaquinol 
a-Phenanthrol 
3-Phkxtnthrol 
a-Anthrol 
g-Phensnthrol 
I -Anthrol 
$-Benzoquinone diosimc 
I ,4-Naphthaquinone clioxime 
x,4-Naphthaquinone monoximc 
$-Nitrbsophenol 
p-Nitrosoanisole 
Thienol 
$+Benzyloxyphenol ’ 
p-(2-Thlophenylmethoxy)-phenol 

- 

-0.420 
0,000 

-0.509 

-0.337 
+ 0.954 
-0.468 
-0.502 

-0.398 

+o.7G4 
-0.260 
-0.260 

-0.260 
-0.42s 
-0.428 

- 

- . 

0.71 -0.397 
0.535 -0.703 
0.725 -0.42 1 

0.52 

0.36 
0.64 
0.50 
0.02 

0.55 
o.so 
0.67 
- 

0.49 
0.49 
0.49 
0.62 
0.62 
0.1rg 

0.29 

0.56 
0.20 

0.85 

-0.027 
+ 0.255 

-0.252 

0.000 

+ 1.644 
-0.092 

-0.592 

-0.312 
- 

+ 0.029 

+ 0.029 

+ 0.02g 

-0.220 

-0.220 

-/- o.ss3 
+ 0.380 
-0. IOG 
+ 0.602 
--0.759 

* RF values were calculated from Aiw values and not vice z~ersa. (See Part III?.) 

non-tautomeric phenol will yield the hypothetical RM value of the’ enol of thienol. 
ARM for the ketonisation of a phenol will then give the Rm value of the keto form, 

The_ value for dry can be determined by comparing RM(pheno1) with 
RM(quino1). II owever, it was considered best to obtain the value of this parameter 
from at least two comparispns as it is of vital significance for the accuracy of the 
calculation, (In any case, it could not be taken as axio.matic that quinol itself is non- 
tautomeric, since ,certain tautomeric properties are observed in other polyhydroky- 
benzenes.) A further comparison was therefore made with r,+naphthaquinol (IX). 
This substance is, readily separable from its tautomeric keto form, z,3-dihydro-r,+ 
naphthaquinone .(X), and both tautomers are stable under laboratory conditionsb. 

OH 0 

However, since in (IX) each OH group is subject to the o&o-effect of a per&CH group, 
the magnitude of this effect must be determined Frrst. 

(i) ;dRn(r(CH=CH-CH=CN fused to aromatic hg), This parameter- was calcu- 
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lated (see a’ previous esamplel3) by comparing the R,M values of (a) phenol and z- 
naphthol, and (b) 2-naphthol and 2- or S-phenanthrol. The values were in excellent 
agreement and 

&?_\I = f o.oso 6 0.003 in System A and 

+ 0,023 f 0.001 in System I3 

(ii) dR&orth-efJect Ace to &kCH). This was calculated by comparing (a) I- 

z-naphthol, (b) I- and z-anthrol, and (c) 2- and g-phenanthrol. The agreement 
escellent. 

Mean dR.11 = -0.170 f o.ooz in System A and 

-0.251 f 0.002 in System B 

(Comparison of +benzoquinone and 1.4”naphthaquinone using the expression, 

gives 

R_lf(p-benzoquinonc) + ARJ#ZH = CH-CH = CH) 

f-2 x dR.l,(ortlro-effect) = R_xI(naphthaquinone) 

~1 R_~f(orllro-effect) = -0.207 in System A and 

-0.30s in System B 

and 
WZl.S 

The ovtlzo-effect thus appears to be remarkably constant in this system, even when the 
functional group varies.) 

(iii) dR~l(0H). Calculation (a) from RBf(quinol) and (b) from RM(I,+naphtha- 
quinol). 

(a) ARM(OH) = H_ll(quinol) - X_l&henol) = f 1.451 in System A 

(1,) dR,v(OH) = RJf(r,4-naphthaquinol) - dR.\,(CH=CH-CH =CH) - R,lr@henol) - z x 

LJR.l,(ovllro-effect) = + x.444 in System A 

The agreement between the two calculations confirms that there is no tauto- 
merism in quinol and that the ARJ~ parameters of the two p-substituted OH groups 
in quinol and r,+naphthaquinol are additive. 

(iv) dR~~(kedowisadion of OH). The two key compounds for the calculation of this 
parameter are the stable tautomers (IX) and (X). 

dR.~,(ketonisation of OH) = 
RAW(X) - Rar(lS) 

2 

= -o.gSI in System A 

The value of this parameter in System A can be checked independently by an- 
other calculation involving R&quinol). The latter calculation also yields the param- 
eter in System B, which cannot be found directly as r,+naphthaquinol (IX) does 
not migrate appreciably in the latter system. 

Thus, the RJ~ value for the hypothetical diketo tautomer of quinol (XI) is found 
from the following espression. 

A 
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R&r(=) = dR&c) - LU+(CH= CH-CI-I = CH) - 2 x dR,~(ortlm-effect) 

= -0.138 in System A and 

+ 0.165 in System B 
Then 

dRL~f(ketonisation of OH) = 
J&(X1) - RM(quino1) 

2 

= -0.584 iri System A and 

-0.739 in System B 

There is complete agreement between the two values for System A. 
(v) AR&enoZ form of tlzknoZ). To calculate the R M vahe of the pure en01 form of 

thienol, we need to know ARK, which has already been calculated, and the 
hypothetical AR M value for the thiophenyl radical. By the processes of formal 
summation (described in more detail previously3), 

Rw(cno1 form of thienol) = dRM(thiopheny1 radical) + dR,w(OI-I) 

(This summation is legitimate as the constitutive relationships are identical in both 
halves of the equation.) The value of dRM(thiopheny1 radical) can be obtained by 
chromatographing a suitable 2-thiophenyl compound with an analogous phenyl 
compound and calculating from their RM values by the method shown below. We 
used $-(z-thiophenylmethoxy)-phenol (XII), which could be readily prepared from 
the available 2-chloromethylthiophen, and compared it in System A with +benzyl- 
oxyphenol (XIII). 

~-CIl,O-[>y 

OH 

. 

(XII) 

Then, the usual formal processes lead to 

l~)i-CH2&yoH 

(XIII) 

(a) RM(p-benzyloxyphenol) = dR~(phcnyl) + dRlcr(,OH) + dR~(CH,Ol?h) 

b) RM((P-thiophenylmethoxyphenol) = dRM(thiophony1) + dR,(OH) + dRn,(CH,OPh) 

(4 Rm (phenol) = dRM(phcny1) + dR,(OH) 

(a RM(enol form of thicnol) = dliM(thiophenyl) + ARM 

+ 

Therefore, 

R~(enol form of thienol) = R,vrf$-thiophenylmcthoxyphenol) - IZaf(fi-benzyloxyphcnol) 

Rw(phenol) 

= -0.138 in System A 

The Rp value of the enol form is, thus 0.579. 
(vi) RM(heto form of tlzieozol). This R&f value can be obtained by using the value 

in (iv) above for dRM(ketOniSatiOn), 

In System A, therefore, 

Rnr(lceto form of thienol) = -0.138 - o.$31 I --0.7r.g 

The corresponding RF value is 0.840. 
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(vii) The fiosition. of eqzcilibrizc~ in thienol can now be calculated.fromeqns, (5) and 
(6)) since the .Rp values~ of both forms and the tautomeric mixture are known, In the 
mobile phase of System A (di-isopropyl ether), the amount of enol form is found to be 
40 y0 and keto’form 60 %. In the stationary phase (trigol) there is PO y0 encl form and 
only 30 o/0 keto form. There ,is thus a higher proportion of keto form in the less polar 
phase. This is the reverse of what is found in acetoacetic ester and similar. keto-enol 
tautomers. But this can be taken as confirmatory of the theoretical treatment, since 
the enol form of acetoacetic ester is stabilised by internal hydrogen bonding (which is 
maximal in non-polar solvents such as hesane and minimal in water because of com- 
petitive solvation) ; in thienol, however, no internal hydrogen bonding is possible and 
it is to be expected that the enol form would be more soluble in more polar solvents, 
in agreement with the above findings. Our results agree well with the prediction of 
HURD AND KREUZ~~,. who stated that thienol could be expected to contain roughly 
equal amounts of keto and enol form. 

(b) j%vitroso$Jlze~zoz 

To determine the tautomeric equilibrium in this,compound a similar procedure to that 
outlined above, can be used. First if ‘is necessary. to select, compounds closely similar 
to ;h-nitrosophenol but which contain pure non-tautomeric nitroso and oximino groups. 
By processes of formal addition ‘and subtraction the RF values of the two tautomeric 
forms and hence the equilibrium can be,calculated. $-Nitrosoanisole was selected as a 
suitable compound containing .a non-tautomeric nitroso group.’ 

(i) d%z(OCH,) 

dR,w(OCH,) = RM(p-methoxyphcnol) - RM(pheno1) 

= + o.zS~? in System B 

(ii) ‘I’&? &!M V&e for the hy$Oh?tiCd ?drOSO fOvm (v) of @itrosophenol is found as 
follows : 

R~~(nitroso form) = Rng@-nitrosoanisole) - dRal(OCH,) + dR,cr(OH) 
= + 0.630 in S&tern I3 

(dXm(bH) for,System B was calculated from quinol and phenol.) 
(iii)’ T/ta RM value of the hy$othetica,! oxime form, (V.II) of $-nitrosophenol was 

calculated from $-benzoquinone and its dioxime. 

Rikf(oxime form) = A~,(benzoquinonc) + A~+z!nzoquinonc dioxime) - Ricr(benzoquinone) 

_. = + 0.396 in System B 
2 

,'. j 

'(ii) The Rnf value of the hy$otheticaZ keto-ktroso form (VI) of,+nitrosophenol can 
be calculated as follows: 

RL~f(lrcto-mtroso form) = Rfif(nitros0 form) -I_ RM(lretonisation of OH), 

= -0.rog in System E3 
.’ 

The experimental RM value for $-nitrosophenol in System I3 is +, 0.602. This,is, 
within experimental error, indistinguishable from the 22~ value calculated for the 
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pure nitroso form (V)..There would thus appear not to be more than a few percent of 
oxime form present. These findings thus support the views of HODGSON~~~. 

The Rm value of the. oxime form (r,+naphth.aquinone monoxime) can be calculated, 
as.was the oxime form of p-nitrosophenol. 

RAI (oxime form) = Rn~(naphthaquinone) + 
Rn.l(naphthaquinone dioxime) -li!R(naphthaquinono) 

2 
‘=-0.592 + 0.486 
51-o. 166 in System B 

This is.identical with the experimental Xm value for this substance; thus supporting all 
the other chemical and physical ,evidence’ for a 3c’oo yO oxime structure. 

(d) EtFzyZ acetoacetate 

It would have been desirable to test the equations described above on a compound 
whose’tautomcrism had been quantitatively studied by classical methods. The most 
promising type of compound appeared to.be ethyl acetoacetate; whose tautomeric 
equilibrium in several solvents4 has been extensively studied. Attempts were made to 
chromdrtograph this’ substancd.‘in two systems, Lrigol/isoloctane and olive oil/7a’% 
(v/v)’ ‘aqueous ethanol; but only diffuse, knds’ were obtairied and, RF values could 
not be measured. This :may have been due to. the interconversion, of lceto and enol 
form&in ethyl acetoacetate being relatively slow (as it is known to be in the absence 
of catalysts”). Although interconversion is rapid in the presence of an acid or base”, 
the addition of either to one phase would introduce a new variable. The enol form of 
ethyl acetoacetate is known to be stabilised by internal hydrogen bonding. As 
enolization is affected by pH, the resultant chromatographic effect would be too com- 
plex for study. ’ 

‘., 

SUMMARY. 

The effect of tautomerism on lip has been. studied. The general nature of the effect 
on chromatography is discussed and equations obtained by means of which the 
existence of tautomerism can ‘be verified chromatographically; If zkfficient ‘data’ are 
available from the study of archetypal compoun’ds in which each form of the tauto- 
merit group occurs free from other constitutive ‘effects, it is possible,, by these equa- 
tions, to calculate the position of tautomeric equilibrium in a given compound. The 
procedure is illustrated with reference to the, tautomerism of thienol (z-hydroxy- 
thiophen), +nitrosophcnol and 4-nitroso-I-naphthoh The procedure followed rests on 
the adherence of many group and structural ARM parameters to the additivity prin- 
ciple of MARTIN’S equation. :. j ‘, 
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