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Abstract - The polarographlc reduction of several pyryllum perchlorates 
In buffered and unbuffered solution was lnvestlgated at DME. In 0.1M 
L&I-DMF, two waves are observed. The first wave IS reversible and dlffuslon 
controlled representing the uptake of one electron, whereas the second 
wave 15 a catalytic reduction of the perchlorate Ion. In buffered solutions 
(pH ,< 51, only one wave 1s obtalned and Its I~ decreases with pH due to 
the part& conversion of the pyryllum salt Into a pseudo-base. The rate 
of converslon, electron affmltles, lonlzatlon potentials and the energy levels 
of HOMO and LUMO of these compounds have been computed and a linear 
correlation shown to exist between the spectroscopic data and the redox 
potent&s. 

The polarographlc reduction of pyryllum salts and tropylwm salts has attracted the attention 

of many authors 
1-14 . Balaban4 reported prellmmary polarographlc results for some pyryllum 

salts. Two wares are observed In non-buffered solutmns, the first representlng the uptake 

of one electron, while the second was not dealt with. To better understand the electrode 

processes of pyryllum salts further polarographlc studies are needed. The present work 

Investigates the nature of the ddferent waves, the dependence of E 1,2 on pH and the rate 

of reduction for several substituted pyryllum salts. 

R 

(R = Me, Et or Ph); (X q I or CI04) 

The ddferent klnetlc parameters have also been mathematically treated to show a correlation 

between the spectroscopic and the electrochemical data. 

EXPERIMENTAL 
The pyryllum salts (Table I) were prepared accordmg to the procedure described by 

Balaban 15vi6.Purltles were checked by m.p. determmatlon, elemental analysis and I.R. spectra. 
The polarograms were recorded by RadIometer PO4 type recordmg polarcgraph usmg a droppmg 

electrode (m I 2.71 mg/s and t = 4.35 s at a mercury height of 50 cm) and a Kalousek polaro- 
graphic cell with a thermostatmg Jacket. The temperature was malntamed at 25 + O.l“C usmg 
an ultrathermostat. A saturated calomel electrode (WE) was used as reference electrode. 
Buffers used were sodium acetate-HCI, smce phosphate buffers apparently react with pyryllum 

salts7. A RadIometer pH meter type 63 fltted with a combmed glass electrode type GK 2301 C 
was employed for determmatlon of pH. Electrolysis at controlled potential was made usmg 
a potentlostate (TACUSSEL ASA 4/60). The electrolytic cell used was the same as that described 
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by Pelt~er’~. The U.V. absorptmn spectra were recorded U-I DMF on a Pye Unrcam SP 1800 
spectrophotometer attached to a temperature regulated cell holder. The p rameters used for 

f g SCF-PPP-Cl quantum chemlcaf approxrmatmn were taken from literature 
cakulatmns were the same as descrtbed before 19. 

. Detads of the 

RESULTS AND DfSCUSsION 

Behaviav III non-buffered sdutmns. The polarographrc reduction of 1x103M Z,Q,btrIphenyl- 

pyrylrum perchlorate rn O.lM LEL-DMF as suppfftmg electrolyte was lnvest@ated first. The 

polarogram consists of two waves at -0.301 and -1.403 V wtth a herght ratro of N l&3. The 

first wave IS ddfusmn controlled as the slope (x) of log ~-log h was 0.52 &elng flkovlc quatlon. 

The second wave IS dtffuslon wtth a partial contrtbutton of adsorptIon where the slope (x) = 0.59 

and the values of I /C 
I 

were not constant. No explanation has been reported regarding the nature 

of the second wave which 1s observed m non-buffered solution. 

Since only pyryllum perchlorates show 

the second wave, this excludes the posslbdlty 

that such a wave may represent a catalytic 

hydrogen wave or a successn+e reduction 

of pyryllum moiety. Therefore, the second 

wave appears evidently to be assigned as 

a catalytic reduction of the perchlorate 

Ion, a conclusion which IS supported by a 
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study of the effect of NaC104 concentration ‘- 
(dissolved m DMF) on the electroreductlon 

I t ‘I ’ . . 

of 2,4,6-trlphenylpyryllum perchlorate at 0 -02 -04 G a6 -10 13 -u -16 -uI 

E/V (\s.SCE) 
a DME (Fig. I). The height of the second 

wabe was found to Increase as the concentration 

of NaCIO4 IS Increased; subsequently the 

El,2 of this wave shdted toward less negatlve 

potentials. The same trend with almost the 

same result IS also observed in the case 

of 2,4,6-trlmethylpyryllum perchlorate, Fig. 2. 

To throw more light on the nature of this 

second wave, the polarographlc reduction 

of 2,4,6-trlphenylpyryllum lcdlde was InVestI- 

gated. The results are tilustrated m polarogram 

(a) In Fig. 3. The polarogram consists of 

Frg.1. The effect of NaClO concentrations 
on the polarographlc be abmur K of ImM 
2,4,6-trlphenylpyryllum perchlorate 
m O.IM LICI-DMF. 

a) 0 0,b) 0.3 c) I 0,d) 2.0,e) 4 OXIO-~M. 
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only one wave at -0.404 V. On addmg small 

amounts of NaC104, a second wave starts 

to appear at -1.4 V, Its height berg mcreased 

as the concentration of NaC104 IS Increased. 

However, no reduction wave could be observed 

upon successive addrtlon of NaC104 to a 

L- 

F1g.2. The effect of NaC104 Loncentratlons 

on the polarographlc behablour of ImM 
2,4,6-trlmethylpyryllum perchlorate In 
O.IM LICI-DMF. 

-&s -0.8 14 -I4 E/V -1.2 (~s.i?E)-‘~ 

a) 0.0, b) 0.3 c) I.O,d) ~xIO-~M. 
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solutJon of O.IM LJCI-DMF and Jn the absence 

of pyrylJum salt. All these results lead 

, 

6- 
US to belleve that the second wave represents 

the polarographJc reduction of perchlorate 
5- 

Jon whJch IS catalysed by the presence of +- 
a 

pyrylJum Jon. 2 3 
On the other hand, the fJrst wave ,y 

z- 
represents the reductJon of pyrylJum Jon 

and corresponds to a one electron process 
4,s ‘- . 

CoulometrJc analysJs under controlled potentJal ‘0 -02 0c, -06 -00 -10 -II -a+ -I6 -18 -2 0 

and a p of 0.1, wJth applJcatJon of the IlkovJc E/V (vs.SCE) 

equatJon, showed that the fJrst wave corres- 
Fig. 3. The effect of NaC104 concentratJons 

on the polarcgraphJc behavJour of 0.5 mrvl 

ponds to a one electron process. The dJffusJon 2,4,6-trJphenylpyrylJum JodJde Jn 0.1M 
LJCI-DMF. 

coeffJcJent of the depolarizer was determJned a) 0.0, b) 0.3, c) 0.5, d) 1.2, e) 2x10W4M 
from the molar volume by applyJng the Stokes- 

EJnsteJn relatJon (I). 

(1) Do = 3.31~10~~ (D/M)“~/ 7 cm* set 
-1 

The values of the dJffusJon coeffJcJent (D) obtaJned by 

Behawour III buffered sdutmns. As pyrylJum salts 

acJdJc medJa yleldlng tautomerlc pseudo-bases 
7,lO , the 

thJs method are reported Jn Table 1. 

hydrolyse readily Jn basJc or slJghtly 

poltirograms Jn buffer solutJons were 
I 

recorded dJrectly after one mJnute of mJxJng. FJg 4 represents polarograms of 1x10-‘M 2,4,6- 

trJphenylpyrylJum perchlorate Jn 50% (V/V) ethanol-acetate buffer solutJons of pH 0.8 to 5 

The polarogram consJsts of one reversible 

reductJon wave, JtS IJmJtJng current suffers 

a marked decrease as the pH IS Jncreased 

wJthout tarJatJon of the half-wave potentJa1. 

The same behavJour whJch IS also observed 

wJth other pyrylJum salts, JndJcates that 

no proton IS Jnvolved Jn the electroreductJon 

process. The decrease Jn the IJmJtJng current 

may be due to the decrease of the bulk concen- 

tratJon of the pyrylJum salt whJch undergoes 

partJal conversJon to a pseudo-base. At pH > 5, 

complete comersJon of the pyrylJum Jon Jnto 

the pseudo-base occurs and the solutJon becomes 

orange Jn colour. 

The rate of conversJon of the pyrylJum 

Jon Jnto the pseudo-base has been lnvestlgated 

polarographlcally Polarograms (Fig. 5) show 

the effect of tJme on the electroreductJon 

3 

a 
2 
m-2 

1 

0 
0 -0 2 -01, -06 -0s -10 _,2 -1 4 

E/V (\s SCE) 

Fig. 4. Polarograms of 1mM of 2,4,6-trJ- 
PhenylpyrylJum perchlorate Jn 50% 
ethanol-a< etate-buffer solutions. 

a) pH 0.8, b) 1.2, c) pH 3, d) pH 4.3 
e) pH 4.6, f) pH 4.8, g) pH 5.0 
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of 2,4,6-trlphenylpyryllum perchlorate in acetate buffer at pH 3 and 4.3. The total llmltlng 

current Is completely suppressed after 190 mm at pH 3 and after’45 mm. at pH 4.3. The solution 

then turns orange, lndlcatmg complete conversmri mto the pseudo-base. The conversion rate 

IS a first order reactmn with respect to the pyryllum Ion. The rate constant k increases from 

0.012 to 0.046 mm -1 
as the pH IS Increased from 3 to 4.3, I.e. the rate IS accelerated by OH- 

eons. It was found that the presence of phenyl groups In the pyryllum rmg enhances the rate 

of converslon more than with the alkyl substituted groups; k of trlmethyl substituted = 0.029 mm -I 

at pH 4.3. On the other hand, the reverse conversIOn of pseudo-base mto pyryllum 10n was 

found to depend on H+ K#lS’? Thus, to the pseudebase formed at pH 4.3, calculated amounts 

of HCI were added with the aim of reachmg pH ca. 0.8 at which the polarographlc behavlour 

was followed up kmetlcaily. In this respect, It was found that the llmltmg current Increased 

with time, reachmg a maxlmum after 70 mm. The rate constant was found to be 0.035 mm -1 . 

A B 

4- 

0 -02 -04 -06 -06 -10 -12 0 -0 2 -05 -Q6 -08 -10 -1 2 

E/V (\s. SCE) 

Fig. 5. Polarograms of 1mM 2,4,6-trIphenylpyryllum perchlorate In 50% ethanol- 
acetate buffer at pH 3 (A) and at pH 4.3 (8) after various reduction times. 
(A): a) 0.0 min., b) 10 min., c) 20 mm., d) 40 min., e) 60 mm., f) 80 min., 

g) 110 mm., h) 150 min., I) 190 mm., J) 200 mm. 
(Bt: a) 0.0 mm., b) 5 mm., c) 10 mm., d) 20 min., e) 30 min., f) 45 mm., 

Reductmn 

reduction depend 

mechanisms. Pyryllum salts are easily reduced chemically; the products of 

on the nature of the reducing agent. When Zn dust IS used as a reducmg agent 
-I 

the product formed IS the dlmer hexasubstituted brpyran’. Sodium borohydride converts pyryllum 

salts Into a mixture of dienones and 4Hpyrans’. Accordmgly, m order to ldentlfy the nature 

of the product produced at DME u1 our present study, it seemed necessary to compare the 

extracted compound with that obtained by chemical reduction using different reducing agents. 

The results lndlcated the formatlon of the dimer product as structurally confirmed via elemental 

analysis, molecular weight determmatlon, meltmg pomt, I.R. and U.V. spectra. Furthermore, 

the reverslblllty of the reductive dlmerlzatlon was lnvestlgated by treating the extracted product 

of the coulometrlc analysis with chromium trloxlde and perchlorlc acid at 60°C. Upon coolmg 

g) 50 min 
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this mixture, 2,4,6-trlsubstltuted pyryllum perchlorate was found to preclpltate as was confnmed 

by Its E,,2 and I.R. spectrum. 

Accordmg to the above argument, the reduction of pyryllum salts at DME represents 

the uptake of one electron formmg a free radical which undergoes dlmerlzatlon. This suggests 

that pyryllum salts are slmllar to tropyllum salts In their polarographlc behablour 9720. Based 

on the present experimental results, the speculated reduction mechanism may take place as 

follows: 

R 

dnnerlzatmn 

R 

2,2’,4,4’,6,6’-hexasubstltuted 4,4’-bl-CH-pyran 

The exclusive lmkmg of the two pyran radicals mu-posltlon IS probably due to the enhanced 

stablllty of the symmetric 2,4,6-trlsubstltuted-4H-pyran-4-yl resonance structure. 

Determmatmn of electron affautles, mmzatmn potentds and molecular orb&l energies. 

Consultmg the half-wave potentials of pyryllum salts tn O.IM LKI-DMF (Table I), one can 

conclude that an Increase of the donor character of the substltuent makes the reduction wave 

shift to more negative potentials. Analysis of the waves 
21 (Table 1) Indicates that the pyryllum 

wave proceeds reberslbly. If the potential determmmg step m the polarographlc reduction 

of a compound IS assumed to be the reberslble addltlon of an electron to the molecule, then 

the half-wave reduction potential IS a measure of the electron affmlty (EA) of the compound 

under mvestlgatlon. Under these condltlons equation (2) can be used to calculate the EA values 

from half-wave reduction potentials VS. the saturated calomel electrode 
22-29 . 

(2) EA = ER + 2.49 + 0 26 eV I/2 - 
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On the other hand, the half-wave oxldatlon potentials of organic compounds may be (wlthm 

certam llmlts) directly related to the lonlzatlon potentials (lP)30-34 accordmg to equation (3). 

(3) IP = (1.478 + 0.027) ET2 + 5.821 + 0.009 eV 

Values of EA and IP, calculated from equations (2) and (3), are llsted m Table 1. 

Table 1. Physral Characteristrs af Several Pyryhum Salts JJI O.lM LICI-DMF 

I MC MC MC cloy 3 93 16 lb 0 97 0 870 I62 0 251 0 420 5 20 0 211 0 4so 4 350 

2 El Me El Cl04 3 II 1580 0 95 0 770 I72 0 239 0 410 5 22 0 199 0 360 4 319 

3 UC MC Ph Cloy 3 53 16.91 0 99 0 530 I 96 0 210 0 310 I 36 0 089 0 220 3 190 

4 Ph Ph Ph I 3 II I7 21 IO1 0 404 2 09 0 194 0 2110 141 0 057 0 I24 3 II5 

5 Ph Ph Ph CI04 3 76 1663 0 99 0 101 2 I9 0 182 0 264 5 44 0 031 0 037 3 036 

6 MC Et Me CIO,, (0161+ I62 0250 (0454b’ 5 I5 0 241 0 407 4 341 
14 329)’ 

7 MC Ph Ph I (0 409)’ 208 0 I91 (0 2a3? 5 40 0 060 0 126 3 314 

0 322)‘ 

(a) Calculated usmg equation (4) 
(D) Calculated usmg equation (5) 
(c) Calculated usmg equation (6) 

Maccoll 35 was the first to pomt out that reversible polarographlc oxldatlon and reduction 

could be related to the energy of the highest occupied (EHOMO) and lowest unocuupled 

(ELUMO) 
molecular orbltals. The orbltal energies are also related to the gas phase lonlzatlon 

36 potential as well as to the electron affmlty of the molecule . In this context, applymg quantum 

chemical calculations usmg the well known SCF-PPP-Cl MO method; the calculated parameters 

of Interest are given In Table 1. It IS worth mentioning that when the energy of HOMO 

Increases, the compound becomes more easily oxldlzed and whend the energy of LUMO decreases, 

the compound becomes easier to be reduced. The calculated calues of HOMO and LUMO for 

the studled compounds run m harmony with the experimentally determmed values of E 
I/2’ lP 

and EA AlternatIvely, It IS of Interest to correlate the transItIon energy (ET) of the longest 

wavelength as measured In DMF with the absolute difference between Eox and E R 
112 l/2 * Analysis 

of these data by usmg the least square method results In the followmg lmear equations, with 

an excellent correlation coefflclent (r); 

(4) ELUMO = -0.122 E;,2 + 0.145, r = 0.992 

(5) EHOMO = I 102 E;;Z + 0.252, r = 0.997 

(6) E (ET2 - Ey,2) = 0.279 ET - 0.801, r = 0.983 
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The valldlty of equation(6) IS tested by calculating ET for other pyryllum salts which 

are not Included m the Investigated series. The results show good agreement between the 

calculated values and those measured experlmentally (c.f. Table I). 
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