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The electrochemical oxidation of l-phenyl-iH-3-methyl-6,7-dimethoxyisochromene on 
a rotating platinum disk electrode with a ring in acetonitrile was investigated. 
Three one-electron waves are observed on the polarization curves of the disk elec- 
trode, and three cathode waves corresponding to reduction of the intermediates are 
recorded on the ring. The current decreases after the second wave, and this con- 
stitutes evidence for the occurrence of a subsequent chemical reaction. It was 
established that decomposition of the isochromene cation radical leads to the 3- 
methyl-6,7-dimethoxy-2-benzo-pyrylium ion, while decomposition of the dication 
leads to the l-phenyl-3-methyl-6,7-dimethoxy-2-benzopyrylium ion, which is formed 
via an EEP scheme. 

A rather large number of studies in which the researchers were able to experimentally 
demonstrate the role of the acts of one-electron transfer in the mechanism of splitting out 
of the "hydride"-labile hydrogen atom (aromatization) have been published in recent years 
[1-6]. The fact that cleavage of the C,-C'I bond rather than oxidative dehydrogenation to 
give a bispyrylium salt occurs under the influence of rather strong electron acceptors (tri- 
phenylmethyl perchlorate and acetyl perchlorate) on bisisochromenes was therefore extremely 
unexpected [7]. We observed a similar pattern in the oxidation of l-phenyl-iH-3-methyl-6,7- 
dimethoxyisochromene (I). The final product of this reaction is also the 3-methyl-6,7-dimeth- 
oxy-2-benzopyrylium cation (II). 

In the present research we made an attempt to accomplish the electrochemical modeling of 
the dehydrogenation of I on a rotating disk electrode with a ring [8] in acetonitrile. One 
might have expected that the l-phenyl-3-methyl-6,7-dimethoxy-2-benzopyrylium (III) and 3- 
methyl-6,7-dimethoxy-2-benzopyrylium (II) cations would be formed as the final products of 
this reaction. We therefore initially studied the electrochemical behavior of these cations 
(Table i). 

The studies showed that cations II and III are reduced on the disk electrode in one one- 
electron step (the anode wave of the corresponding radicals is recorded on the ring). More- 
over, despite the presence of two electron-donor groups in the benzene ring of the molecule, 
the cations do not undergo further oxidation up to the discharge potential of the base elec- 
trolyte. 

Three one-electron waves are observed on the volt--ampere curves in the case of oxidation 
of I on the disk electrode (Table 2), while three corresponding cathode waves corresponding 
to reduction of the intermediates are observed on the ring electrode. (Econst r is equal to the 
first wave of oxidation on the disk.) 

After the second wave, the current on the ring decreases, and this constitutes evidence 
for the occurrence of chemical reactions after the detachment of the second electron. Re- 
cording of the volt--ampere curves on the ring (Econst r =-~.75 V) with a potential corre- 
sponding to the start of the plateau of the limiting current for the reduction of cations II 
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TABLE i. Electrochemical Behavior of Derivatives of the 2- 
Benzopyrylium Cation (II, III) and Tetramethyl-p-phenylen- 
ediamine (XI) on a Rotating Disk Electrode with a Ring in 
Acetonitrile 

Compound 

II 

III 

XI 

Electrode 

Disk 
Ring 
Disk 

Ring 
Disk 
Ring 

Econst, V 

E r= -0.40 

Er=~0,35 

Er= -0,03 

E.2, V 

--0,61 
-1),61 
--0,54 
--0,53 
+0,12 
+0,12 

ilim' 
~A 

28.0 
0.016 

27,0 
0,01 

35,0 
5,5 

n a oh o~ 

0,95 
0~9 --0'4 

1~  --0'2 

- -  100 

aThis is the number of electrons transferred, bThis is the co- 
efficient of the yield with respect to the current. 

TABLE 2. Electrochemical Oxidation of 1-Phenyl-iH-3-methyl- 
6,7-dimethoxyisochromene on a Rotating Disk Electrode with a 
Ring in Acetonitrile 

Electrode 

Disk 
Ring 
Ring 
Ring 
Ring 
Ring 

Econst,V If'll~., ~'] 
+ 0,83 

Er=+0,65 +,0.80 
Er.=-0,75 +0,82 
E, 6=+100 --0,59 
E d= + 1:37 --0,62 
E =+1,50 --0~55 

i~m, ,,/Q, ~ I~ e''I2' 

26.4 0o88ai 1,27 
0,06 lOIr 1,22 
4,2 1,26 
4,3 104b / -- 
8,0 99b / 

11>0 99b | 

["lim' I #xA I ,,IQ, ~ ;E"'"=, 

25~3 0,85~ 1,42 

4,1 10 1,,38 

i'"lim: n/Q. % 
#A 

24~7 0,82 a 
0,13 3.35 b 
4,1 10'6 b 

aThis is the number of electrons transferred, bThis is the co- 
efficient of the yield with respect to the current. 

or III or of the protons [5] showed that a total of three electrons are consumed in the re- 
duction of the products formed on the disk. A wave of reduction of cation II is observed on 
the polarization curves recorded on the ring electrode with a constant potential of the disk 
(Econst d) equal in value to the start of the plateau of the limiting current of the first 
wave of oxidation of isochromene I. When Econst d is equal, respectively, to the potentials 
of the plateaus of the current of the second and third waves, the polarization curves are 
the sum of the unseparated waves, which, with respect to the current, correspond to the trans- 
fer of two and three electrons. 

The data obtained make it possible to propose the following scheme of possible trans- 
formations of isochromene I during oxidation. 

Let us examine the probability of the occurrence of the reactions presented in the scheme. 
Detachment of the first electron from I leads to cation radical IV, which then undergoes de- 
composition (2) to give a phenyl radical and cation II. The one-electron character of the 
first wave indicates that the phenyl radical is not oxidized (i) under these conditions. The 
low stability of cation radical IV and the character of its decomposition (the half-conver- 
sion time estimated by the method in [9] is 2-10 -3 sec) are probably due to steric factors. 
In the case of 2,4,6-tri-tert-butyl-4H-pyran even the EPR spectrum of its cation radical was 
obtained [6]. 

Since preliminary studies showed that cations II and III are not oxidized over 
the investigated range of potentials, the second wave corresponds to the reversible transfer 
of yet another electron (5) from cation radical IV (similar phenomena were observed in the 
oxidation of 9-cyanoacridan [5]). Dication V in turn can undergo decomposition with the de- 
tachment of a proton [(5) and (4)], and the final product will then be cation III. In addi- 
tion, another reaction pathway [(5) and (6)] is also possible. In both the (5) and (4) case 
and the (5) and (6) case the process corresponds to the overall transfer of two electrons. 
However, if detachment of a phenyl cation from dication V (6) were to occur, as a consequence 
of its low stability on the ring electrode (Econst r =--0.75 V), the current of the second 
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Fig. I. Electronic absorption spectra of 
model cations II and III and the products of 
oxidation of isochromene I in acetonitrile: 
a) the 3-methyl-6,7-dimethoxy-2-benzopyryl- 
ium ion; b) the l-phenyl-3-methyl-6,7-di- 
metho~-2-benzopyrylium cation; c) product 
of oxidation of isochromene I at a potential 
corresponding to the transfer of the first 
electron; d) the same as spectrum c at the 
potential of transfer of the second electron; 
e) the same as spectrum c at the potential of 
transfer of the third electron. 
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wave would have a much smaller value (Table 2). The (5) and (4) pathway is therefore more 
likely. (The second wave on the ring corresponds to reduction of a proton [5].) 

As we have already noted, yet a third one-electron wave with a preceding chemical re- 
action is observed in the oxidation of isochromene I. It might be assumed that deprotonation 
of the methyl group (7), as was observed in the oxidation of substituted toluenes [I0], oc- 
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curs in addition to reactions (5) and (6). After this, cation Vl can undergo transforma- 

tions via (8) and (9) or (9) and (i0). A third one-electron wave corresponding to the re- 
duction of yet another proton should then be recorded on the ring electrode, and this is, in 
fact, observed experimentally (Table 2). It is difficult to make a choice between reactions 
(8) and (9) and (9) and (I0) on the basis of the available experimental data, although the 
formation of dication radical X seems less likely than the formation of diradical VII. 

To identify the final products of the oxidation of isochromene I we carried out its 
preparative electrolysis in a circulation cell [Ii] with subsequent recording of the elec- 
tronic absorption spectra of the reaction solutions. It is apparent from Fig. I that the 
principal product at an anode potential corresponding to the plateau of the limiting current 
of the first wave (E a = +i.0 V) is 2-benzopyrylium cation II. A mixture consisting of sub- 
stituted l-phenyl-2-benzopyrylium cation III and hypothetical dimer IX is formed in two other 
cases (E a = +1.35, E a = +1.50 V). 

Thus the studies showed that, depending on the anode potential, the oxidation of iso- 
chromene I may lead both to substituted 2-benzopyrylium cation II and to oxidative dehydro- 
genation and the formation of substituted l-phenyl-2-benzopyrylium cation III with the suc- 
cessive transfer of two electrons and a proton (EEP scheme). In all likelihood, in the chem- 
ical reaction the formation of substituted 2-benzopyrylium cation II is associated with the 
relatively low reduction potentials of the electron acceptors used [12]. 

EXPERIMENTAL 

Pure-grade acetonitrile was purified immediately prior to the preparation by the method 
in [13]. A 0.I N solution of tetra-n-butylammonium perchlorate was used as the base electro- 
lyte. A saturated aqueous calomel electrode served as the reference electrode. 

l-Phenyl-IH-3-methyl-6,7-dimethoxyisochromene (I). An ether solution of a Grignard re- 
agent (0.03 mole) was added dropwise to 3 g (0.01 mole) of 3-methyl-6,7-dimethoxy-2-benzo- 
pyrylium perchlorate in 10-15 ml of absolute ether, and the reaction mixture was refluxed 
with stirring in a water bath for i h, during which a light-brown precipitate formed. The 
reaction mixture was then treated with a saturated solution of NH4CI, and the ether layer 
was separated, washed with water, and dried with anhydrous sodium sulfate. The ether was 
removed by distillation, and the residue was recrysta!lized from ethanol to give 2.2 g (78%) 
of colorless crystals with mp 69~ IR spectrum: 1020, 1040, 1235, 1280, 1580, 1610, 1660cm -I 
PMR spectrum (in CCI~)I 1.75 (CH3); 3.50 and 3.65 (two CH30); 5.3, 5.82, 6.05, and 6.26 
(CH); 7.17 ppm (C6Hs). Found: C 76.3; H 6.4%. C1sH1aO3. Calculated: C 76.6; H 6.4%. 
Cations II and III were obtained by the method in [7]. 

The method used to record the volt--ampere curves on the rotating disk electrode and its 
construction and preparation are described in [14]. The electrode had the following charac- 
teristics: r, = 1.00 mm, r2 = 1.04 mm, r3 = 1.07 mm, and n = 3000 rpm; the coefficient of 
efficiency calculated from the results obtained in the oxidation of tetramethyl-p-phenylene- 
diamine was 0.157. The number of electrons transferred on the disk electrode was calculated 
from the assumption that the coefficients of diffusion of the depolarizers were inversely 
proportional to the square root of the molecular mass. The concentration of the compounds 
was 5"10 -4 mole/liter. 

Preparative electrolysis was accomplished in an electrolyzer of the type in [ii] with a 
P-5827M potentiostat. The concentration of isochromene I was 5.10 -~ mole/liter. The elec- 
tronic absorption spectra were recorded with a Hitachi EPS-3T spectrophotometer. 
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It was established by PMR spectroscopy that a chair conformation with an axial 
orientation of the alkoxy substituent is the primary conformation for 5,5-disub- 
stituted (and unsubstituted) 2-alkoxy-l,3-dioxanes. As compared with alkyl-l,3-di- 
oxanes, 2-alkoxy-l,3-dioxanes are characterized by reversal of the chemical shifts 
of the axial and equatorial protons attached to C~ and C6. 

Little study has been devoted to the stereochemical peculiarities of 2-alkoxy-l,3-diox- 
anes. Only several studies [1-4] in which the conformational equilibria of a number of 4--, 
4,6--, and 4,4,6-methyl-substituted 2-methoxy-l,3-dioxanes are known. 

We have synthesized a number of 2-alkoxy-l,3-dioxanes with the general structure I-IX: 

R 3 R ~ 

R~O R' 

I - I X  

[ R~=R2=H, R3=CHa, R4=C2H~; II RI=R2=H, Ro=CH~, R4=n-C3H7; III RI=R2=H, 
Rs=CH3, R4=i-C~HT; IV RI=R~=H, R3=CH3, R4=n-C4Hg; V RI=R2=H, R3=CH2C1, 
R4=C2Hs; VI RI=R~=RZ=H, R~=C2Hs; VII RI=R2=Ra=H, R4=i-C3HT; VIII 

RI=R4=CH3, R2=R3=H; IX RI=R2=CH~, R3=H, Rg=C2H5 

The configurations and primary conformations of dioxanes I-IX were determined by an anal- 
ysis of the character of the multiplet splitting and the chemical shifts of the resonance 
lines of the protons in the PMR spectra of 10% solutions of these compounds in carbon tetra- 
chloride, deuteroacetone, and deuterochloroform. 

It is generally accepted that a chair conformation with an axial orientation of the alk- 
oxy group is the preferred conformation in 2-alkoxy-l,3-dioxanes [1-6]. 

In the PMR spectra of I-V (Table i), as a censequence of a shift of the conformational 
equilibrium to favor a certain primary conformation, the protons of the methylene groups in 
the equivalent 4 and 6 positions give a typical AB quartet with a geminal constant of--ll.O Hz. 
The magnitude of the 2Jae constant and the rather great magnetic nonequivalence of the axial 
and equatorial protons of these groups (A~ = 0.4-0.5 ppm) constitute evidence for a chairlike 
conformation of the ring [7-10]. 

In contrast to alkyl-l,3-dioxanes [8], the axial protons attached to C4 and Ca resonate 
at weaker field (8 3.65 ppm for I-IV and 3.95 ppm for V)than the equatorial protons (~ 3.16- 
3.20 ppm and 3.57 ppm, respectively). The reversal of the constants of shielding of the H a 

Ufa Petroleum Institute, Ufa 450062. Translated from Khimiya Geterotsiklicheskikh So- 
edinenii, No. 9, pp. 1182-1185, September, 1981. Original article submitted October 8, 1980; 
revision submitted February 18, 1981. 

876 0009-3122/81/1709-0876507.50 �9 1982 Plenum Publishing Corporation 


