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Synopsis. Rates of the dehydrogenation of 2’-substituted
flavanones with 2,3-dichloro-5,6-dicyano-p-benzoquinone
were measured by means of HPLC analyses. All substituents
at the ortho position of the side-chain phenyl group of flava-
nones showed a retarding effect on the reaction. A correla-
tion analysis for the ortho effect using the linear combina-
tion model has led to a conclusion that the inductive effect is
much more important than the steric and the resonance
effect, and that the steric effect is slightly greater than the
resonance effect.

We previously examined the rate of dehydrogena-
tion of flavanones (1) with 2,3-dichloro-5,6-dicyano-p-
benzoquinone (DDQ) in dry benzene in the presence of
acetic acid.? The following conclusions were drawn:
(1) the reaction is first-order in both concentrations of
substrate and DDQ; (2) the reaction proceeds along a
path of the two-step ionic mechanism and its rate-
determining step is a hydride abstraction by quinol
cation of DDQ (Scheme 2); (3) the rate is increased by
introduction of an electron-donating group at the
meta or para position of the side-chain phenyl group,
and decreased by introduction an electron-withdrawing
one; (4) the apparent second order rate constant, ks, is
proportional directly to the square root of the initial
concentration of acetic acid.

On the other hand, it is generally considered that the
ortho substituent effect on the reactivity results in vari-
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ous kinds of influences depending upon the sort and
condition of reaction. Namely, the steric and proximi-
ty effects may participate complicatedly in addition to
the normal inductive and resonance ones. Thus, it is
general to analyse the ortho substituent effect inde-
pendently of the meta and/or para substituent ones.

Now, for the purpose of examination of the ortho
substituent effect on the dehydrogenation of flava-
nones, reactions of 2’-substituted flavanones (1b—f)
with DDQ were conducted under the same reaction
conditions as those in the previous work.! All anal-
yses of rates of reaction were continued for ten hours
after the beginning of reaction (percentages of reaction
were ca. 15—33%) by means of HPL.C analyses. In this
series also, all reactions for five flavanone derivatives
followed the second rate law (Eq. 1):

dx/dt= kg, (a—x)(b—x) (1)

where a and b are the initial concentrations of sub-
strate and DDQ), respectively, and x is the concentra-
tion of product. Rates were determined by the calibra-
tion method from the peak area ratio vs. the
concentration ratio. Values of &y, which are the mean
of three runs for each sample, are summarized in Table

Table 1. Apparent Second Order Rate Constants and
Relative Rates of Dehydrogenation of 2’-Substituted
Flavanones with DDQ®? at 80.0+0.2°C

ko X103
Substrate  Product ko™
1 mol~1s7!

la 2a 1.439 1.00
1b 2b 0.472 0.330
1c 2c 1.18 0.825
1d 2d 0.706 0.494
le 2e 1.49 1.04
1f 2f 0.881 0.616

a) Initial concentrations: [Substrate};=[DDQ],=1.0X1072
mol 171; [CH;COOH},=0.920 mol 1-1. b) k. relative to
ko, a for 1a. c) From Ref. 1.
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1. In the table, k. is the value relative to ky, of la.
When the reaction proceeded above ca. 50%, correct
analysis of the rate was no longer possible because of
the precipitation of 2,3-dichloro-5,6-dicyanohydro-
quinone (DDHQ).

From the results in Table 1, it is clear that all the
reaction rates decrease as compared with la, except for
le. In contrast with the previous results (conclusion
(3)), it is suggested that all the ortho substituents func-
tion with a retarding effect on this reaction regardless
of their electronic properties. Although the reaction
rate of 1e is slightly greater than that of 1a, it should be
considered that an acceleration effect of the para-
methyl group on the rate is comparatively canceled by
the ortho-methyl group, because the relative rate of
dehydrogenation of 4’-methylflavanone is 1.10.0

A transition state of this reaction is a carbonium
cation having a positive charge on the Cy-atom (con-
clusion (2) and Scheme 3). This carbocation corre-
sponds to a flavylium cation (Scheme 3). In our work
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on the basicity of flavones,? it has been revealed that
the side-chain phenyl group would be planar with the
benzopyrylium ring in the state where the proton is
added at the carbonyl oxygen atom. When a substitu-
ent is present at the ortho position of the side-chain
phenyl group, the above-mentioned coplanarity seems
to be prohibited in the transition state of this reaction.
Thus the resonance effect of the substituent on the
phenyl group is inhibited for such a steric reason.
Furthermore, the reaction center, the C,-position,
might be blocked by the ortho substituent for the
approach of an attacking species, and the rate of reac-
tion decreases consequently. The values of 1b and 1d
suggest that the inductive effect appears more eminent
than the resonance one, because the former effect of the
chlorine atom and methoxyl group functions in a
retarding way for this reaction; the relative rates of the
corresponding para-isomers are 0.923 and 1.37, re-
spectively.V

Taft® and Charton* represented the ortho effect as a
linear combination of the inductive, resonance, and
steric effects as Eq. 2:

lOg (krcl)orlhcr:plol + PROR + 6E; (2)

where o1, or, and E; are the inductive, resonance, and
steric substituent constants, and p1, pr, and & are the
inductive, resonance, and steric reaction constants,
respectively. In the present work, le and 1f have a
meta or para substituent in addition to the ortho one.
Then the relation obtained in the previous work! for
the meta or para substituted derivatives is added to
both sides of Eq. 2 to give Eq. 3:

log (kret)o,m.p = pro1+ pga?{ + 8E—0.1900{.p) (3)

where of is used instead of or because of the introduc-
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Table 2. Ortho Substituent Parameters for the Correlation
Using the Linear Combination Model

Substituent o art P Es9)
H 0 0 0
Cl 0.46 —0.36 —0.97
CH; —0.04 —0.25 —1.24
OCHj; 0.27 —1.02 —0.55

a) Inductive substituent constant cited from Ref. 5.
b) Resonance substituent constant cited from Ref. 5.
c) Steric substituent constant cited from Refs. 3, 6,
and 7.
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Fig. 1. Correlation between the calculated and the
observed logarithmic relative rate.

tion of Brown-Okamoto’s electrophilic substituent
constants, (). According to Eq. 3, p1, pr, and 8 were
calculated by means of multiple least squares, where
the values proposed by Ehrenson et al.®) were used for
o1 and of and those by Taft® and Kutter and
Hansch®7 were used for E, (Table 2). The reason for
the adoption of these values is their popularity. Par-
ticularly, values of constant E; were derived for hete-
roatom substituents and for symmetrical-top groups
such as H and CX3 (X=H, halogen, or CH3). Conse-
quently Eq. 4 was obtained as a linear free energy rela-
tionship for the substituent effect on the side-chain
phenyl group in this reaction:

10g (kret)o,mp =—0.89301 — 0.0420%
+0.088E;— 0.19007,) 4)

The correlation coefficient of Eq. 4, 0.999, was
obtained on the basis of a slope of the relation between
the observed and the calculated values of the logarith-
mic relative rate (Fig. 1).

From the results in Table 1 and Eq. 4, it can be
concluded that, in the ortho substituent effect on the
side-chain phenyl group for the dehydrogenation of
flavanones with DDQ, the inductive effect (p1=
—0.893%0.05) is much more important than the steric
and resonance effects, of which the steric one is some-
what influential, whereas the latter one is negligibly
small. This conclusion is in accord with our recently
proposed stepwise mechanism! via the benzopyrylium
type cationic intermediate for the DDQ dehydrogena-
tion.

Experimental

All melting points were uncorrected. 'HNMR spectra



4470

were obtained with a Hitachi R-22 (90 MHz) spectrometer by
using tetramethylsilane as an internal standard. HPLC anal-
yses were conducted with a Yanagimoto High Speed Liquid
Chromatograph L-2000 under the following conditions:

Stationary phase: Yanapak-SA-1

Mobile phase: Hexane-EtOH=10/1 (v/v) for 1d and If,

and 40/1 (v/v) for 1b, 1c, and le.

Detector: Yanagimoto U-212 Spectrometer (240 and 300
nm) Estimation: Yanagimoto Computing Integrator-
SYSTEM 1000.

Materials. Benzene, acetic acid, and DDQ were of the
same grade as those used in the previous work.? Flavanones
were synthesized from the corresponding 2’-hydroxychalcones
by the known procedures,® and identified by melting points,
IH NMR, and elemental analyses.

2’-Chloroflavanone (1b): Mp 100—101°C: 'HNMR
(CCl,) 6=2.52—3.72 (2H, m, C3-H.,, He), 5.75 (1H, d-d,
Cy-Hax, Jax-ax=12.0 Hz, Jaix-q=3.5Hz), 6.89—7.55 (7TH, m,
Aromatic), and 7.83 (1H, d-d, Cs-H, Jortno=7.5Hz, Jmen=2.4
Hz). Found: C, 69.65; H, 4.13; Cl, 13.72%. Calcd for
Cy5sH,;0,Cl: C, 69.64; H, 4.29; Cl, 13.70%.

2’-Methylflavanone (lc): Mp 68.5—70.0°C; 'HNMR
(CCly) 6=2.39 (3H, s, 2’-CHj3), 2.58—3.11 (2H, m, C;-Hax,
Heg), 5.58 (1H, d-d, Cy-Hax, Jax-ax=12.2 Hz, Jax-eq=5.0 Hz),
6.89—7.56 (7H, m, Aromatic), and 7.85 (1H, d-d, Cs-H,
Jorne=8.4 Hz, Jmew=2.3 Hz). Found: C, 80.61; H, 6.03%.
Calcd for C;¢H,4,0;: C, 80.65; H, 6.03%.

2’-Methoxyflavanone (1d): Mp 61.0—62.0°C; 'HNMR
(CCly) 6=2.53—3.11 (2H, m, C3-H.., He), 3.83 (3H, s, 2’-
OCH3), 5.76 (1H, d-d, Cy-Hax, Jax-ax=11.0 Hz, Jax-eq=6.4
Hz), 6.78—7.60 (7H, m, Aromatic), and 7.85 (1H, d-d, Cs-H,
Jortho=8.0 Hz, Jmetn=1.6 Hz). Found: C, 75.50; H, 5.62%.
Calcd for Ci¢H,403: C, 75.57; H, 5.55%.

2’,4’-Dimethylflavanone (le): Mp 88—89°C; 'HNMR
(CCly) 6=2.33 and 2.36 (3H, 3H, s, s, 2’ and 4’-CHj;), 2.56—
3.12 (2H, m, C3-Hayx, Heg), 5.56 (1H, d - d, Co-Hax, Jax-ax=12.5
Hz, Jax-eq=4.6 Hz), 6.92—7.53 (6H, m, Aromatic), and 7.88
(1H, d-d, Cs-H, Jornnoe=7.8 Hz, Jmet=2.2 Hz). Found: C, 81.31;
H, 6.55%. Calcd for C;7H,60;: C, 81.25; H, 6.42%.

2/,3’-Dimethoxyflavanone (1f): Mp 96.0—96.5°C; 'H
NMR (CCly) 6=2.64—3.08 (2H, m, C3-Hax, Heq), 3.87 (6H, s, 2
and 3’-OCHs;), 5.74 (1H, d-d, C-Hax, Jax-ax=10.5 Hz,
Jax-eq=6.8 Hz), 6.79—7.52 (6H, m, Aromatic), and 7.88 (1H,
d-d, Cs-H, Jortne=8.5 Hz, Jmew=2.0 Hz). Found: C, 72.20; H,
5.74%. Calcd for C;H,604: C, 71.82; H, 5.67%.

Flavones as authentic samples for HPLC analyses were
prepared by the same reaction as carried out in the kinetic
experiment, and were isolated and purified by the known
procedures.? Their physical data are as follows, except for
2¢ which was identified by the value in literature.l

NOTES

[Vol. 60, No. 12

2’-Chloroflavone (2b): Mp 117.0—117.5°C; 'HNMR
(CCly) 6=6.48 (1H, s, C3-H), 7.27—7.75 (7TH, m, Aromatic),
and 8.14 (1H, d - d, Cs-H, Jortne=8.3 Hz, Jmetw=2.3 Hz). Found:
C, 70.40; H, 3.47; Cl, 13.71%. Calcd for C,;sHy0,Cl: C, 70.19;
H, 3.53; Cl, 13.76%.

2’-Methylflavone (2c): Mp 46.0—47.5°C (lit, 47.5°C1?).

2’-Methoxyflavone (2d): Mp 98.5—100°C; 'H NMR
(CCly) 6=3.93 (3H, s, 2’-OCHy3;), 6.84 (1H, s, C3-H), 6.92—
7.83 (7H, m, Aromatic), and 8.11 (1H, d-d, Cs-H, Jorn=8.2
Hz, Jmew=2.0 Hz). Found: C, 76.09; H, 4.80%. Calcd for
C16H1203: C, 76.18, H, 4.79%.

2’,4’-Dimethylflavone (2¢): Mp 64.5—66.0°C; 'HNMR
(CCly) 6=2.34 (3H, s, 4’-CH3y), 2.43 (3H, s, 2’-CH3;), 6.24 (1H,
s, C3-H), 6.96—7.66 (6H, m, Aromatic), and 8.12 (1H, d-d,
Cs-H, Jortho=8.5 Hz, Jmets=2.0 Hz). Found: C, 81.50: H, 5.71%.
Calcd for C1;H40,: C, 81.58; H, 5.64%.

2/,3’-Dimethoxyflavone (2f): Mp 85.5—87.5°C; 'H NMR
(CCly) 6=3.91 and 3.94 (3H, 3H, s, s, 2’ and 3’-OCH3), 6.98
(1H, s, C3-H), 7.05—7.80 (6H, m, Aromatic), and 8.25 (1H,
d-d, Cs-H, Jorno=7.6 Hz, Jmea=1.5 Hz). Found: C, 67.64; H,
4.77%. Calcd for C1;H14O4: C, 67.55; H, 4.67%.

Procedures. Reactions and kinetic analyses were carried
out in almost the same conditions and procedures as in the
previous work.! Some comments are given in the footnote
of Table 1.
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