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ELecTrOLYTIC OXxIDATION OF TETRA- dehydrodimer. THC was oxidized by a similar mechanism in
the presence and absence of bicarbonate. A Bioanalytical
HYDROCARBAZOLE

Systems BAS-100 Electrochemistry System was used for
voltammetry. The three-electrode cells used carbon paste
working electrodes (A = 0.08 éma platinum counter elec-

aDepartment of Chemistry, University of Engineer- trode and, as reference a Ag / Ag+ (0.001 M acetonitrile solu-

ing and Technology, Lahore - 54890, Pakistan tions) was used. All working electrodes were disks surrounded
by an outer layer of insulating material. All potentials are re-

"J-263, Defence Housing Authority Lahore-54792 ported vs SCE. Acetonitrile (ACS reagent - grade or spectro-
Pakistan grade), and THC (Aldrich) were used as received. Solutions
were purged with purified nitrogen for 8 - 10 min prior to the

beginning of an experiment carried out at an ambient tempera-

I . . ture of the laboratory, 25 £@ (Haque 1989).
Electro-oxidation of THC in a strong base, potassium

methoxide in methanol, produces a series of dehyrodimers-or the electrochemical oxidation of THC, a saturated solu-
having interesting stereochemistry &#d dynamic N.M.R. tion of solid NaHCQcontaining 0.2M lithium perchlorate in
properties (Bobbitet al 1986a). Electro-oxidation of 1-car- equivolume aqueous - acetonitrile was investigated as an elec-
bomethoxy THC yields its 1- methoxy derivative in 44% yield trolyte, to determine whether THC is oxidized by a similar
(Bobbitt 1989). In aqueous acetonitrile containing LiCTHC mechanism in the presence and absence of sodium bicarbon-
can be oxidized to a dehydrodimer in 60 - 90% yield. A two ate. From voltammetric and preparative runs, it appears that
compartment cell at + 0.7 V vs. SCE having graphite anode isSTHC is oxidized by a similar mechanism in the presence and
used (Bobbitet al1986b). Preparative anodic hydroxylation absence of sodium bicarbonate. There is a substantial increase
of 1- carbomethoxy THC and its 7- methoxy derivative havein the amount of dimeric product formed when sodium bicar-
been reported (Ruslireg al1984). Related mechanistic inves- bonate is present; this is probably due to the decreased acid
tigations were also carried out (Rusletgal1986). Character-  catalyzed decomposition of dimeric product.

istics of anodic normal pulse voltammograms for the mono-
meric indole alkaloids such as catharanthine, vindoline,
THC, its N - methyl derivative, anilinp; chloroaniline, and

m -dimethylaminoanisidine, were described (Haque 1990).
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This is suggested by examination of the voltammograms ob-
tained during the electrochemical oxidation of THC. Fig 1(a)
shows cyclic voltammogram of 1mM THC at carbon paste
electrode in an equivolume aqueous-acetonitrile containing
The mechanisms of electrodimerization of THC and N- methyl 0.2M lithium perchlorate but no sodium bicarbonate. Two
THC were investigated using cyclic, linear sweep, normal peaks appear in this voltammogram; first peak appears at a
pulse and reverse pulse voltammetry at carbon paste and platpotential of 0.51 V with peak current 2 @. Fig 1(b) shows
num electrodes in 10% aqueous - acetonitrile (Kulketral  the voltammogram obtained for THC when sodium bicarbo-
1982). Adsorptive / extractive accumulation of THC at carbon nate is added to the background electrolyte. A single peak
paste electrode was used to improve the subsequendppears in this voltammogram at a potential of 0.39V and
voltammetric determination with respect to the sensitivity and 25.quA peak current. Time single peak suggests that elec-
selectivity (Wang and Bonakdar 1985). trolysis of the dimer is suppressed in the presence of sodium

2,2,6,6 - Tetramethylpiperidine -1- oxonium tetrafluoroborate bicarbonate. The cyclic voltammetric values of Ep for the first
was shown to react with THC to give, in the presence of wa-Peak, for the electro-oxidation of tetrahydrocarbazole, shifted
ter, the 4 - keto derivative (Bobbitt al1988). In the absence 0 more negative values as the concentration of the carbonate
of water, the oxidation of THC gave a mixture of dimers, prob- Was increased, with dEp / dlog [bicarbonate] =-17.9 mV. Since

ably derived from the Diels - Alder self condensation of 2,3- neither a reliable acidity scale nor a suitable range of buffer is
dihydro-1H-carbazole (Bobbitt al1990). available in the equivolume aqueous - acetonitrile used, quali-

] ) ) ] .. tative information can be obtained by the assumption that
A saturated solution of solid sodium bicarbonate containing,: - . onate is acting as a proton acceptor. A value of -17. 9

O.ZM I|th|um perchlorate in equivolume aqueous - acet_onltrlle_ mV / pH would be expected (Nadjo and Saveant 1973).
was investigated as an electrolyte for the electrochemical oxi-

dation of 2,3,4, 9-tetrahydréttcarbazole, THC, to its 4a'-7 Fig. 2(a) shows large amplitude pulse voltammogram for THC
*Author for correspondence at carbon paste electrode in equivolume aqueous-acetonitrile
b.Present address containing 0.2M lithium perchlorate. In this voltammogram
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Fig 1. Cyclic voltammogram of 1 mM THC at carbon paste
electrode in equivolume agqueous acetonitrile containing
0.2M lithium perchloratéa) without (---) andb) satu-
rated with (— ) sodium bicarbonate.

, ) ) +0.900 +05 +0.100
single wave appears with half-wave potential at 0.47V, and E.Vvs SCE

53.0pA limiting current. Fig. 2(b) shows large amplitude pulse

voltammogram for THC when sodium bicarbonate was added ~ Fig 2. Large amplitude pulse voltammogram of 1 mM THC at
to the previous solution Fig. 2(a) carbon paste electrode in equivolume aqueous acetoni-

trile containing 0.2M lithium perchloraté) without
This voltammogram also shows a single wave goB1 V, (---) and(b) saturated with (—) sodium bicarbonate.
and 49.QA limiting current. As revealed by cyclic voltammetry
Fig. 1(a), the difference between peak potential for the forma-
tion of dimer (510 mV, Table 1) and peak potential for subse-
guent oxidation of dimer (570 mV, Table 1) is only 60 mV. This
difference is too small to be manifest as two distinct plateaux
in the large amplitude pulse voltammogram Fig. 2(a) in the
present solvent mixture of equivolume aqueous acetonitrile.
However, when the proportion of acetonitrile is increased to
90% in_ thg electrolyte and 0.002 .M tetfhutylammonium -+ 0.800 T 05 + 0,000
hydroxide is added in place of sodium bicarbonate, two sepa- E.V vs SCE

rate E,, values were reported earlier (Haque 1989) for the cor-
responding large amplitude pulse voltammogram.

Fig 3. Differential pulse voltammogram of 1 mM THC at car-
bon paste electrode in equivolume aqueous acetonitrile
containing 0.2M lithium perchlorat@) without (---)

Large amplitude pulse voltammetry (LAPV) gives only one and(b) saturated with (— ) sodium bicarbonate.

anodic wave in the presence and absence of sodium bicar-
bonate. The height of this wave was nearly the same regardsolid sodium bicarbonate was added to the previous solution
less of whether sodium bicarbonate was present or not. Th&I9 3(a). A single summit appears in this voltammogram at
wave height in LAPV is directly proportional to number of 0.28 V and 15.31A summit current, corresponding presum-
electrons transferred (Bond 1980) which did not increase in@bly to the first summit in Fig. 3(a). The differential pulse
the presence of bicarbonate. Furthermore, there was no chang@!tammetry suggests that eletrolysis of dimer is suppressed
in the height of the wave as compared with that in the electroin the presence of sodium bicarbonate. There was no change
lytic solution containing 90% acetonitrile and 10% water in the identity (Bobbitet al1986a &b) of the dimeric product
(Kulkarni et al1982). LAPV shows there was no change in the formed when sodium bicarbonate was added to the electro-

number of electrons transferred Fig. 2(b) when bicarbonate idyte solution, as confirmed by HPLC. Values of potentials, and
added to the electrolytic solution. currents for the three voltammetric techniques are summa-

. , , rized in Table 1.
Fig. 3(a) shows differential pulse voltammogram for 1mM

THC at carbon paste electrode in agueous - acetonitrile conYoltammetric and preparative runs indicate that THC is oxi-
taining 0.2M lithium perchlorate, when no sodium bicarbon- dized by a similar mechanism in the presence and absence of
ate was added. This voltammogram shows three distinct sumsodium bicarbonate. However, there is a substantial increase
mits. First summit appears at a potential of 0.43V andi.3 in the amount of dimeric product formed when bicarbonate is
summit current. The second and third electro - oxidation sum-Present. The yield of 4d-dehyhdrodimer of THC in the pres-
mits were not investigated further. Fig 3(b) shows differential 1€ Of saturated sodium bicarbonate upon electrolysis in
pulse voltammogram of 1mM THC. This was obtained when 0-2M LIiCIO, + 1 : 1 mixture of acetonitrile - water approached
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Table 1 salts as oxidants in organic chemistdgterocycle®7
Anodic voltammetric characteristies of THC at 509-533.
carbon paste electrode in equivolume acetonitrile  Bobbitt J M 1989 Anodic electroorganic chemistry and natu-
water containing 0.2M lithium perchlorate in ral productsACS Symposium Seri@80 176-195, in
the absence (A) and presence (B) of saturated Stock J T, Orne M (EdsElectrochemistry, Past and
sodium bicarbonate (1g 50ml) Present, American Chemical Society, Washington DC,
Technique Potential (mV) Curyehy ( U_SA' )
vs. SCE | Bobbitt J M, Cecile L, Flores M, Guttermuth, Ma Z, Tang H
E, E, E, 1990 Organic nitrosonium salts. Il. Stability studies and
oxidations of some indole derivativés$eterocycless0
CVat100mVs 250
A 510 570 -- 25.0 1131-1140. . . :
B 200 - 3 Bond A M 1980Modern Polarographic Methods #nalyti-
DPV at 4mVs 153 cal ChemistryMarcel - Dekker, New York, USA p. 267.
A 430 510 720 153 Haque | U 1989 Anodic voltammetry of model compounds
B 280 -- - for anticancer drugg. Chem Soc Pakl 232-236.
LAPV at 4mVSsA Haque | U 1990 Pulse voltammetry of monomeric indole de-
B 470 - -- 53.0 rivatives.Bull Electrochent 743-744.
310 - -- 490 Kulkarni C L, Scheer B J, Rusling J F 1982 Potential-sweep

and pulse voltammetric investigations of the dimeriza-

tion of tetrahydrocarbazolesl Electroanal Chemi40
7-74.

Rladjo L, Saveant J M 1973 ElectrodimerizationVIl. Role of

nearly 25%. In the absence of bicarbonate, yield of the dimeric
product was less than 16%. Sodium bicarbonate apparently
suppresses the acid - catalyzed decomposition of the dimeri

product. proton transfer reactions in the mechanism of electrohyd-

Key words: Electrodehydrodimerization, Voltammetry, rodimerization. Formal kinetics for voltammetric studies

Tetrahydrocarbazole, Electrosynthesis. (linear sweep, rotating disk, polarographlyitlectroanal
Chem44327-366.
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