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Dipole moments of ten quinone methides I—II I were determined in the ground state f rom di-
electric measurement in benzene solution, and in the first excited state f rom the solvent spectral 
shifts; the latter procedure has been improved as to the statistical treatment. The ground state 
moments of anthrone derivatives I I I are normal and correspond to an aromatic ketone. The 
values for the derivatives of fuchsone ( / ) and of 4-isopropylidene-2,5-cyclohexadienone {II) 
are higher but differ significantly f rom each other, suggesting a contribution of 9—18% of the 
dipolar mesomeric structure B. This amount is dependent on the steric effect of substituents 
in 2,6-positions. The excited state moments correspond to an enhanced contribution of the struc-
ture B, up to 40%, and are less dependent on structure. All the available data; including the carbo-
nyl frequency and electronic spectra, suggest a strong conjugation within the quinone methide 
system whose intensity is, however, rather different in individual compounds and according to 
individual criteria. 

In the course of our investigations on quinone methides1 '2 we have encountered 
several times the problem of conjugation in this particular system which may be 
expressed by the mesomeric formulae A *-* B. The conjugation may be formally 
classified as crossed but the weight of the dipolar formula B is enhanced by the pre-
sence of an aromatic system. A recent review3 reveals that very few physical measure-
ments on the quinone methide system are available4 '5; simple HMO calculations3 then 
indicate a great importance of formula B corresponding to a 7r-electron charge 
o f + 0 - 3 9 on the carbon atom C M . 

Part VI in the series Quinone Methides and Fuchsones; Part V: see ref.2 . 
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In this paper we attempt to estimate the gross electron distribution of selected 
quinone methides I—III from their experimental dipole moments. The choice 
of compounds was dictated mainly by the instability of the simplest derivatives; 
in addition we wanted to follow the steric effects on conjugation in the molecules 
of Ib—le and the effect of annelation in IIIa,b. The ground state dipole moments 
(/ig) were determined by solution measurement using the conventional technique. 
To estimate the dipole moments in the first electronically excited state (jue) we ap-
plied the method of solvent shifts in absorption spectra6 since the fluorescence spectra 
were not usable and in addition the approach based on them has some drawbacks6. 

II la: R = H 
11 lb: R = C6H5 

la: R = H Id: R = i-C3H7 II 
lb: R = CH, le: R = t-QH, 
Ic: R = C2H5 If: R = Br 

Ig: R = OCH3 

t t 

The method6 of absorption-maximum shifts is based on the equation 

~ = A , f(£i) ~ f(£j) ( 1 \ 
f(nf) - f (n j ) heal " W ) ' 

which relates the wavenumbers V; and Vj in the i-th and j-th solvent, respectively, 
to the properties of these solvents expressed by the function f of their dielectric 
constant e and their refractive index n. The function f has the usual form: 

f(x) = (x - l)/(2x + 1) . 

Assuming that the radius of the spherical cavity a0 can be estimated, one can cal-
culate the scalar product of the vectors /ig and An, from experimental quantities; 
A12 denotes the vector difference of the excited and ground state moments 

Afi = - /ig • 

Since the molecules under study have approximately the C2v symmetry (disregarding 
alkyl groups, not contributing significantly to the dipole moment), the vectors 
/ig and fte are collinear and /ie can be simply evaluated. There is, however, a defect 
of statistical nature in the original treatment6 since Eq. (/) was applied to all pos-
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sible pairs o f solvents, unless the di f ference Vj — Vi was t oo small. Hence a plot was 

produced with much more points than are independent measurements. In addit ion 

to the incorrect number o f degrees o f f r eedom, there is another shortcoming in Eq. (1 ) 

that one independent variable (n ) appears on both sides; both these defects simulate 

a better fit than it is in reality. 

A statistically correct procedure involves multiplying Eq. (1 ) by [ f ( n f ) — f ( « ? ) ] 

to g ive 

- - A[[(„!) - f ( n f ) ] + B [ f ( £ l ) - f ( S j ) ] + C . ( 2 ) 

O n e solvent ( j ) is then kept constant and the coeff ic ient B = 2/.ig Anl(hcal) is ob-

tained by multiple regression with the left-hand side o f Eq. (2 ) as the dependent 

variable and the two bracketed terms as independent variables. There are as many 

points in the regression as the number o f measurements, i.e. solvents. The intercept C 

should equal zero within the limits o f its error; this may serve as an addit ional test 

o f the theory. 

The reliabil ity o f the who le calculation depends still on the estimation o f a0. 

The c o m m o n procedure 7 is based on the additivity o f the molar vo lume and as-

sumes the spherical shape o f the molecule. Hence it may be relied upon in the extent 

that comparable results may be obtained only f o r sterically similar molecules. This 

condit ion is approximately satisfied in the case o f the compounds I — I I I . 

EXPERIMENTAL AND RESULTS 

Materials: The quinone methides I—III were prepared by known methods8^15. Their melting 
points were determined on the Kofler block and are not corrected. The samples for analysis 
and physical measurements were dried 8 hours at 0-1 Torr at 20°C. 

4-Benzhydrylidene-2,5-cyclohexadien-one (la), m.p. 166—168°C (literature8 167—169°C) 
and 2,6-dimethyl-4-benzhydrylidene-2,5-cyclohexadien-l-one (lb), m.p. 200— 202°C (in agreement 
with the literature16) were prepared by the method described9. 2,6-Diethyl-4-benzhydryIidene-
-2,5-cyclohexadien-l-one (Ic) was prepared by oxidation of 2,6-diethyl-4-benzhydrylphenol using 
manganese dioxide in benzene under the conditions of ref.10, yield 82%, m.p. 166—167°C (ace-
ton-methanol). For C 2 3 H 2 2 0 (314-4) calculated: 87-86% C, 7-05% H; found: 87-80% C, 6-98% H. 
2,6-Diisopropyl-4-benzhydrvlidene-2,5-cyclohexadien-l-one (Id), m.p. 171- 172°C, (literature10 

m.p. 170 —171 °C). 2,6-Di-tert-butyl-4-benzhydrylidene-2,5-cyclohexadien-l-one (/<?), m.p. 183 to 
184°C, (in agreement with the literature1 2,6-Dibromo-4-benzhydrylidene-2,5-cyclohexadien-
-1-one ( I f ) , m.p. 238°C (literature8 m.p. 233°C). 2,6-Dimethoxy-4-benzhydrylidene-2,5-cycIo-
hexadien-l-one12 (hj), m.p. 222 —224°C, (literature12 m.p. 225-226°C). 2,6-Di-tert-butyl-4-iso-
propylidene-2,5-cyclohexadien-l-one (II), m.p. 103 —104°C (in agreement with the literature17) 
was prepared as described elsewhere13. 10-Methyleneanthrone (Ilia), m.p. 146—147°C, (litera-
ture14 m.p. 147— 148°C). 10-Benzhydrylideneanthrone15, (Mb) m.p. 204- 206°C, (literature18 

m.p. 208°C). 

Physical measurements. Dipole moments in the ground state were determined from dielectric 
measurements of benzene solutions at 25°C using a heterodyne apparatus (frequency 1-2 Mcs~ 1). 
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Usually five measurements were carried out in the concentration range 5 . 1 0 _ 3 — 5 . 10 _ 2M. 
The overall polarizations were calculated according to Halverstadt and K u m l e r 1 9 f r om the 
slopes « and fi of the plots e12 vs w2 and vs w2, respectively. In the final calculation of ft, 
an allowance of 5% or 15% of the RD values was made for atomic polarization. Molar refraction 
RD was calculated f rom Vogel's increments 2 0 and the exaltation in the conjugated system estimat-
ed to 2 c m 3 in all the derivatives. This estimate is based on molar refractions of 1,4-pentadien-
-3-one 2 1 and 3,5-hexadien-2-one2 2 ; it may introduce an error of 0-02 D into the final dipole 
moment values, at worst. All the pertinent values are listed in Table I. 

The excited state dipole moments were determined f rom solvent-induced spectral shifts. 
Electronic spectra were recorded on a Specord UV-VIS spectrophotometer (Zeiss, Jena) at a scan 
speed 1 6 - 7 c m _ 1 / s in the solvents: n-hexane, isooctane, cyclohexane, te t rahydrofuran, dichloro-
methane, acetone and acetonitrile. The choice of solvents was restricted to non-interacting ones; 
ethanol causes the deviation f rom Eq. (2). The wavenumbers of the first n—> n* absorption band 
used for the study are listed in Table II; the extinction coefficients are given only for isooctane 
solvent. With one exception (see Notes to Table II) there were no problems with the assignment 
since there was only one band with e > 1 000 between 20 to 30 . 103 c m " 1 . 

The results were processed according to Eq. (2) by a program for multiple regression. The 
important statistics are listed in Table III. According to the multiple correlation coefficient the 
fit is satisfactory in all but one case. The dependence is graphically represented in Fig. 1,4 for 
a typical example, by plotting the two sides of Eq. (2) against each other. It is compared to the 
incorrect statistical procedure6 based on Eq. (7) (Fig. I S ) . 

T A B L E I 

Polarization Data of Quinone Methides / — / / / ( B e n z e n e , 25°C) 

Com- a „ pa P°2 RD
b n (5%)c ft (15%)c v(C—0)d 

pound c m 3 cm 3 D D 

la 13-72 - 0 - 3 0 0 730-5 81-7 5-62c 5-57 1 631-8 

lb 15-87 - 0 - 2 5 8 929-1 9 0 1 0 6-38 6-35 1 615-0 

Ic 12-67 - 0 - 1 9 5 837-1 100-3 5-98 5-94 1 612-0 

Id 7-55 - 0 - 1 9 1 583-0 109-6 4-83 4-78 1 611-6 

Ie 6-03 - 0 - 1 6 7 527-7 118-9 4-44 4-37 1 611-0 

If 14-94 - 0 - 5 2 4 1 244-4 97-1 7-48 7-43 1 648-9 

Jg 11-54 - 0 - 2 7 4 772-5 94-7 5-74 5-70 1 647-8 

II 9-30 - 0 - 0 9 2 507-7 79-5 4-55 4-51 1 616-5 

Ilia 6-90 - 0 - 3 4 1 316-6 64-1 3-49 3-44 1 665-0 

nib 4-64 - 0 - 3 4 4 397-9 112-7 3-69 3-62 1 669-0 

"Slopes of the Halvers tad t -Kumler 1 9 plots; b estimated f rom increments, see Experimental; 
c correction for the atomic polarization of 5% or 15% of the RN value, respectively; d in tetrachloro-
methane solution; e ref .4 gives 5-80 D at 32°C without correcting for P A . 
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TABLE I I 

Solvent Effects on the First Absorption Maxima (103 c m " 1 ) of Quinone Methides I—III 

Com- Hexane ^yclo- Isooctane Tetrahy- Dichloro- Aceto-
pound hexane (log e) drofurane methane nitrile 

la 2800 27-75 27-90 (4-45) 27-00 26-60 26-80 26-90 

lb 27-40 27-35 27-35 (4-45) 26-70 26-60 26-90 26-95 

Ic 27-50 27-30 27-45 (4-42) 26-65 26-80 27-10 27-00 

Id 27-20 27-10 27-10 (4-43) 26-80 26-55 26-75 26-80 

Ie 27-30 27-20 27-20 (4-41) 26-75 26-70 26-75 26-75 

If 25-90 25-50 25-70 (4-42) 24-80 24-20 24-40 24-70 

ig 26-30 25-95 26-30 (4-42) 25-90 25-40 25-60 25-75 

II 31-50 31-40 31-50(4-45) 31-00 30-90 30-70 30-90 

Iliaa 36-75 36-65 36-65 (4-23) 36-10 36-25 36-25 36-25 

Illb 28-60 28-20 28-30 (3-95) 27-70 27-70 28-10 28-00 

a The values correspond to the second band since the first one in the region 29—30 . 103 cm 1 

could not be exploited due to its low intensity. 

FIG. 1 

Solvent Induced Spectral Shifts of 4-benzhydryliaene-2,5-cyclohexadien-l-one (la) 
A The correct plot of the left-hand vs the right-hand side of Eq. (2). B The statistically 

incorrect plot6 based on Eq. (I) and using all the possible pairs of solvents; Y = (vj — 
- vj)/[f(nf) - f(nf)] plotted against X = [f(e.) - f(Cj)]/[f(nf) - f(«?)]; o insignificant 
points with [f(nf) — f(« j ) ] less than 0-01, • other points. 
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The values of the coefficients B were used for calculation of An and ne, assuming the collinearity 
of jug and /Je. The final precision is further limited by the estimation of a 0 which was made as 
described7. The values of a 0 as well as the resulting values of An and n e are listed in Table III. 

The infrared absorption spectra were recorded on a Perkin Elmer 60120 spectrophotometer 
in a 0-1 mm cell. The concentration of the tetrachloromethane solution was 0*03M. The carbonyl 
frequencies are listed in Table I. 

DISCUSSION 

Let us start the discussion with the ground state dipole moments of IIIa,b. When 
compared to the moment of anthrone23 (3-66 D) they do not reveal any additional 
conjugation and suggest that the compounds Ilia and IHb are to be viewed as 
simple aromatic ketones; the contribution from the formula B is not detectable. 
Even the presence of two phenyl groups in IHb has but a small effect. These results 
were expected since the weak quinone character of 10-methyleneanthrone (Il ia) 
and its principal difference from other quinone methides has been noted3. 

On the other hand, the dipole moments of fuchsone (/) and its derivatives are 
significantly higher. A comparison of I to benzophenone revealed the increment 
of 2-6 D and the contribution of the formula B was estimated4 to 10%; according 
to our results this share would be between 9 and 18% for the compounds Ia—Ig 

TABLE I I I 

Statistics of Eq. (2) and Excited State Dipole Moments of Quinone Methides I—III 

Compound Ra Bb 

c m - 1 
Cb 

c m " 1 
ao 
A 

An 
D D 

la 0-989 4 496 (329) 29 (71) 3-9 4-8 10-3 

lb 0-966 2 491 (337) 85 (74) 4-1 2-7 9 0 

Ic 0-956 2 341 (369) 57 (81) 4-2 2-9 8-8 

Id 0-962 1 781 (252) 12(55) 4-4 3-2 1-9 

Ie 0-996 2 072 (95) - 7(21) 4-5 4-3 8-7 

If 0-972 5 066 (617) - 1 9 ( 1 3 4 ) 4-1 4-7 12-1 

Iff 0-901 2 381 (574) 4(125) 4-1 2-9 8-5 

II 0-985 2 401 (222) - 7 4 (48) 4-0 3-4 7-9 

Ilia 0-965c l-952c (268) - 8C(58) 3-6 2-6c 6-l c 

IHb 0-979 2 308 (256) - 5 7 (56) 4-3 4-9 8-6 

" Multiple correlation coefficient; b coefficients of Eq.(2) with their standard deviations (in paren-
theses); c these values are not comparable with the others, see Note", Table II. 
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respectively. In the case of 7,7-ethylenedimercapto derivatives of quinone methides 
the contribution of the polar form was estimated to 15 — 17% by similar reasoning5; 
the opposite behaviour of the 10-methyleneanthrone derivative was also observed5. 
All such figures are, of course, little theoretically founded on the one hand and very 
approximate on the other hand since they depend on the crude estimates of dipole 
moments predicted for the two idealized forms, see formulae A, B. 

In a recent discussion of the possible aromatic character of tropone it was argued24 

that its dipole moment 4-30 D is no evidence in favour of the dipolar formula, since 
the dipole moment of 2,6-cycloheptadienone (4-04 D) is not significantly lower 
and at the same time distinctly higher than the moments of simple ketones. A part 
of the enhancement may thus be explained by electrostatic induction in the highly 
polarizable 7r-electron system. When applying this reasoning to our compounds, 
we may refer again to 2,6-cycloheptadienone since 2,5-cyclohexadienone is not 
available. The comparison shows still an additional mesomeric moment and one 
may conclude that the dipolar formula B is of importance even when its exact 
contribution cannot be estimated.* 

The most interesting feature of Table III are the striking differences between the 
individual alkyl derivative la — e. The only reasonable explanation assumes that the 
sterically pretentious alkyl groups hinder the coplanarity of the conjugated system; 
even a small distortion may be significantly manifested in the dipole moment values. 
The unsubstituted fuchsone (la) deviates from the sequence, even when a correction 
for the moments of the alkyl groups (0-3 D) is applied. Hence these alkyl groups 
must exhibit still another effect than purely steric. The extent of conjugation may be 
also estimated from the carbonyl frequency (less double bond character and shift 
to the lower wave numbers) or from the electronic spectra (bathochromic shift). 
The results from the three quantities are concordant only as far as the unsubstituted 
fuchsone is compared with its alkyl derivatives: the conjugation is strengthened 
by substitution. The much smaller differences between the individual alkyl derivatives 
themselves are reflected in the carbonyl frequency on the one hand, and in the ground 
state dipole moment on the other hand, in the opposite sense; the differences in the 
electronic absorption maxima are too small to be really significant. 

The dipole moment of the dibromo derivative If includes the moments of the two 
C—Br bonds; after correcting for this contribution (subtraction of 1-58 D) it is 
comparable to the diethyl derivative Ic. The moment of the dimethoxy derivative 
Ig cannot be discussed in terms of conjugation due to the unknown conformation 
on the two C—O bonds. In contrast to the importance of substitution in the posi-

* When discussing the dipole moment s of the molecules I—III , one must take into con-
sideration that some similar compounds exhibit anomalous moments which are explained most 
probably by solvent effects 2 5 . For example, the dipole m o m e n t of ^ -qu inone is definitively non-
ze ro 2 5 . However, the values of Table I are high enough to make this effect unimpor tant . 
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tion 2, 6, the substituents in position 7 seem to be almost without influence on dipole 
moments, as follows f rom the comparison of compounds / / and le. 

The dipole moments in the excited state must be discussed with caution owing 
to their rather approximate character. The main source of the inaccuracy is the 
inherent imperfection of the theory. As far as the overall fit is concerned, the multiple 
correlation coefficient is higher than 0-95 in all cases except Ig. The theoretical 
postulate of zero intercept is also fulfilled. However, a closer analysis reveals that 
Eq. (2) is not well founded since the first term on the right-hand side is alsmost 
insignificant. Only the dependence of solvent shifts on the dielectric constant has 
been actually verified, the dependence on the refraction index has remained merely 
the theoretical postulate. This fact has been obscured by the incorrect statistical 
treatment6 , see Fig. IB. In our opinion, all the theories connecting solvent induced 
shifts with excited state moments should be reexamined by the correct statistics on 
a broader experimental material. For the time being let us discuss the values obtained 
as approximate estimates. 

According to a theoretical study of some simpler derivatives2, the first excited 
state corresponds to a singlet to singlet transition of the n -> n* type with the sym-
metry 1A1 —• 1A1; the polarization proceeds along the symmetry axis. For some 
derivatives the 1A1 -> 1B1 bands in the same region were also predicted2 but they cannot 
interfere due to their low intensity (e < 100). In agreement with the theoretical 
prediction all the excited state dipole moments are significantly higher than in the 
ground state; this behaviour is typical6 , 2 6 particularly for conjugated systems with 
the dipole moments in their long axis unless there is an appreciable charge separation 
already in the ground state. Qualitatively it was also predicted by CNDO/S calcula-
tions27 on the parent substance, 4-methylene-2,5-cyclohexadienone; these calcula-
tions anticipated the values of 4-69 D and 6-25 D for the ground state and first 
excited state, respectively. Simple aromatic ketones show but slightly enhanced 
dipole moments in the excited state26 , in average by 0-5 D. Hence even the excited 
state dipole moments of quinone methides agree with the assumption of a strong 
conjugation. One may state that the mesomeric formula B contributes more to the 
first excited state than to the ground state; with the provision already mentioned this 
contribution may be estimated to 25 — 40% for individual compounds studied. When 
these compounds are compared to each other, the salient feature is that many dif-
ferences marked in the ground state are smoothed out. In particular the anthrone 
derivative Illb differs no more significantly f rom benzoquinone derivatives; the dif-
ference between fuchsone (la) and its alkyl derivatives Ib—Ie still persists but these 
alky] derivatives themselves do not virtually differ. An anomalously high moment 
of the dibromo derivative If cannot be understood without comparison to further 
derivatives. 

In conclusion we may state that the conjugation within the quinone methide system 
is significant and is reflected in various physical quantities including dipole moments, 
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carbonyl frequencies, electronic absorption maxima, although the results from 
different quantities are not quite consistent. Since more exact physical methods have 
not yet been applied (except an unfinished X-ray study28) a quantitative estimation 
of this conjugation is not yet possible. 

Thanks are due to Mrs M. Kuthanova, Institute of Chemical Technology, Prague for measuring 
the dielectric constants and densities and to Dr S. Vasickova from this Institute for recording the 
infrared spectra. 
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