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ABSTRACT. The mechanism for electrochemical oxidation of natural alkaloid, 1-sparteine (SP) was
studied in acetonitrile solvent. The cyclic voltammogram of SP shows two irreversible anodic peaks
at +0.75V and +145V vs. Ag/AgCl (0.1 M AgNO; in acetonitrile) electrode. Coulometry reveals that
the number of electrons involved in each oxidation peaks is in the range of 1.2~ 1.3, respectively. Neutral
imine radical was produced by fast deprotonation of SP radical cation formed by oxidation of one nitrogen
atom in SP. Two pathways are possible for the reaction of the neutral radical: Due to the disproportiona-
tion of the radical, SP and enamine were mainly produced. Also, the 1,2-dehydrosparteinium cation
was formed as minor product through the second one electron transfer oxidation of this radical. The
(+)-lupanine was produced by treatment of sparteinium cation with potassium hydroxide. We have isola-
ted and confirmed the electrolysis products using IR, GC-MS, UV-Vis, and thin-layer spectroelectrochemi-
cal method.
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Fig. 1. Cyclic voltammogram of 5X10~* M (-sparteine
with platinum electrode in 0.1M TEAP/acetonitrile
(scan rate: 100 mV/sec).
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Fig. 2. Cyclic voltammogram of the product electrol-
yzed at +1.0V vs. Ag/AgCl with platinum electrode
in 0.1 M TEAP/acetonitrile (scan rate: 100 mV/sec,
5X10*M i-sparteine).
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Fig. 3. UV-visible spectra of 1X107°M i-sparteine
(a) and the product (b) in DMSO solvent electrolyzed
at +1.0V vs. Ag/AgCl with platinum electrode (scan
rate: 100 mV/sec).
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Fig. 4. Absorbance profile of the anodic oxidation

product of 1X107% M i-sparteine by in situ thin layer

spectroelectrochemistry at +15V,
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Fig. 5. Cyclic voltammogram of 1X107%M i-sparteine
with platinum electrode in thin layer cell (scan rate:
50 mV/sec, solvent: 0.1 M TEAP/acetonitrile).
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Scheme 1. The proposed mechanism for electrooxi-
dation of SP at +1.0V.
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Table 1. Characteristic infrared stretching frequen-
cies of compounds IV and VI in the 1000~4000 cm™!

v v v v v
(C-H) (C=0) (€=0) (-CHyr) (C-N)

Iv 2998,2970 — 1606 1462 1099
VI 2998,2970 1638 —  1462,1408 1087
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Fig. 6. Cyclic voltammogram of the electrolysis pro-
duct at +15V vs. Ag/AgCl with platinum electrode
in 0.1 M TEAP/acetonitrile (scan rate: 100 mV/sec,
5X107*M i-sparteine).
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Scheme 2. The proposed mechanism for electrooxi-
dation of SP at +15V.
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Table 2. GC-MS spectral data of oxidation products

Compound m/e ion Fragmentation
VI 248 Cy5HzN,O* P
220 CaHasN,* P--CO
192 CizHyxN,* P-CO-C;H.

X 262 CisHzN20,* P
234 CuHzuN:0" P*-CO
206 CiHyoN0* P*-CO-C,H,

sGC-MS spectrum was actually obtained for the mix-
ture since the compound XI could not be sucessfully
isolated.

S8 ¢35 H-AFFAE Fig. 6o ehisdct
AbstE]7] Aol F A E-9-2)(+075 +145V)= A}
)2, —07V BZdlA Q827 A2A Lo
A5, o] #glolM 47 A A4Asrt +10V
B4 ofsHA °*°1 12 At = 9ok o|%
Az +15V F-2o 49 A7 Es|= qlsle SP
Ao 24AF A3t Fell AAE AL ES &
2] A7t A AN P SAFER Dkl
w3t Scheme 2004 B SPE 3eHog Ah3lA
71| VIe) F27} H2, Agste] Az} =9 F
ZHo2 XII9| 727} "Arhe o] I A el
+15Vol|A SPE Ar|H ez 437l F2)sl7)
ojel¢ ofa] /fel Bao] TLCH A Reln, 0|59
SR Haole kA E3hsdch +15VelA #H7)AH
o2 AAA e YHEFE Tl XIY F+2E
742 Zolely BdEE GC-MS dloJeE AA4E
VIe] dlelEiet @A Table 2] FE319]r).

2 A7

e

1Ol
e
3

199145 83 7] 2ostad 77

#(BSRI-91-307)¢] 93l o]FoizlE.

2l 8 & ¥

1. M. Carmack, B. Douglds, E. W. Martin, and H.
Suss, /. Am. Chem. Soc, 77, 4435 (1955).

2. Y. D. Cho, R. O. Martin, and J. N. Anderson, tbid,
93, 2087 (1971).

3. I. D. Spenser, Compr. Biochem., 20, 231 (1968).

4. H. R. Schutte in “Biosysthesis der Alkaloid”, p.
324, K. Mothes and H. R. Schutte, Ed. VEB Deu-
che Verlag, Berlin, 1969.

5. E. Boschman, L. M. Weinstock, and M. Carmack,
Inorg. Chem., 13, 1297 (1974).

6. S. N. Choi, R. D. Bereman, and J. R. Wasson,
J. Inorg. Nucl. Chem., 2087 (1975).

7. E. Boschman, G. A. Nypaver, J. P. Majors, S. M.
Ealy, and M. Van Horn, J Coord. Chem., 7, 141
(1978).

8. S. N. Choi, J. H. Park, Y.-I. Kim, and Y. B. Shim,
Bull. Korean Chem. Soc., 12, 276 (1991).

9. D. D. Perrin and W. L. F. Armarego, “Purification
of Liboratory Chemicals”, 3rd Ed., p. 296, Perga-
mon Press, 1988

10. R. P. T. Tomkins and O. Popvych, “Nonaqueous
Solution Chemistry”, p.379~390, Jhon Wiley &
Sons, New York, 1981.

11. D. D. Perrin and W. L. F. Armarego, “Purification
of Laboratory Chemicals”, 3rd Ed., p.179~180,
Pergamon Press, 1988.

12. C. Zhang and S. M. Park, Anal. Chem., 60, 1639
(1988).

13. Toshiro Chiba and Yoshiyuki Takata, /| Org
Chem., 42(18), 2973 (1977).

Jowrnal of the Korean Chemical Society



