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PREPARATIVE ELECTROCHEMISTRY I. A NOVEL ELECTROCHEMICAL OXIDATION 

OF A 1,2,3,4-TETRAHYDROCARBAZOLE TO A CARBAZOLE D E R ~ V A T I V E ~  

Gilbert Reymond, Janis Vasilevskis and Voldemar T a m e *  

Chemical Research Department, Hoffmann-La Roche Inc.. Nutley. New Jersey 07110 

Abstract - Diethyl(fi-chlorel,2,3,4-tetrehydre2-earbazalyl)methyl malonate can be oxidized via a - 
four electron process a t  a platinum electrode in 0.1 M tetraethylammonium rtoluenesulfonate tn 

methylene ehlartde t o  diethyl(6-cNore2-carbawly1)methyl malonate in 15% yield. 

A commercial synthesis of RimsdylaL (d.lb6-chloro-a-methylcarbazole2-acetic actdl mvolves the chemical 

oxidatton of diethyl(6-chlorwl,2,3,4-tetrahydrw2-~~~rbazoly1)methyl malonate (9 t o  diethyl(6-chloro-2- 

earbazaly1)methyl malonate (2). The electrochemtcal oxtdatlon of (1) has now been investtgated as a possible 

al ternate route fa r  the synthesis of the tntermediste (2). 

The electrochemical oxtdation of (1) was earned out in a dtvided cell, equipped with a plattnum gauze anode, 

platlnum wtre cathode, and a silver-silver chloride saturated potssstum chlonde reference electrode [ with a 

brldge of 1.1 M tetrsbutylsmmonlum perchlorate (Bu4NC104) I" acetomtrilel) . The pulsed voltage of +1.40 v, 

0.67 Hz and 66.7% duty cycle was origmated from a Pnnceton Applled Research (PAR) Universal Programmer, 

Model 175. and fed to a PAR Model 1731179 Patentiostst set  a t  +0.10 volts. Thus, the applted voltage was +1.50 v 

(pulsed), and the current density was 3.75 m ~ / e m ~ .  One hundred forty ml of 0.1 M tetraethylammonium p 

toluenesulfonate (TEAPTS) In methylene ehlonde (30.1 g in 1 h t e r  of methylene chloride) was used as anolyte, and 

25 ml as a catholyte. The electrolyte was  deaerated, preelectrolyzed for 30 min a t  t1.70 volts and switched off, 

modulation applted and 5.1 grams of (1) were fed into the anode compartment. Immedmtely, the current rose t o  

6 mA and stayed s t  this level for 6 h. Then i t  steadtly dropped t o  3.8 mA over a period of 24 h. No further change 

in the UV spectrum of the reaction mixture wss observed. 

The analyte was stripped dawn to  a thick oil (about 35 g). Thts restdue was loaded on a 1 inch diameter siltea gel 

column (210 g of stllca gel, 76-230 mesh, E. Merck Reagent, in 300 ml of a 9:l mixture of toluenelethyl acetate) ,  

and was eluted wtth the same mixture. Two 200 ml cuts were taken, followed by twenty-three 50 ml cuts. The 

desired material started elutlng in cut #IS, and appeared pure by TLC (Rf = 0.25 in $:I, toluenelethyl acetate)  
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through cut X19. The solvent was stripped on a rotary evaporator and after a few min mder high vacuum, the 

residue crystallized, giving 224 mg of pure product. An additional 100 mg of @) was isolated from cuts 20-29. 

The highest isolated yield was about 15%. The product was confirmed by comparison of the physical data with 

t tose of the authentic sample. Elemental analysis: C 64.39 (64.26), H 5.44 (5.39). N 3.67 (3.75) and C1 9.32 (9.48). 

UV (~soprapanol) A max 239, 262, 301, 335 end 339 nm, c =  46,300; 21,900; 22,800; 3,630 and 2,930. IR (CHCI3) 

3470 em-' (NH), 1725 em-' (C=O). NMR (CDC13) ppm 1.24 (6H), 1.96 (3H). 4.26 (4H), 6.99-7.71 (6H), 8.30 (1H). 

After cut 325, the eluate was replaced wtth toluenelethyl acetate 1:l v l v  and the eluted material was a mixture 

of vsrious products by TLC and NMR (various dimers of (I) and (2) etc.). 

The electrochemtcal experiments (summarized in TableI) hsve shown that the reaction p r s m t e r s  for this anodic 

TABLE I. Summary of Experimental Parameters of Anodic Oxidation of (1) t o  (2) 

Electrolyte Eleetmde + E ~ / v  - Yield 

0.1 M T E A P T S ~ I C H ~ C I ~  Pt  1.70 30% (2)'. 50% (1) 
0.1 M TEAPTS/CH2C12 Pt  1.50 15% 

0.1 M TEAPTS/CHZCIZ Pt 1.90 44% (aC, dimers of (L), no (1) 
0.1 M TEAPTS/CH2C12 (dry) Pt 1.50 60% (2)" 

0.1 M Bu4NBP4/CH2C12 Pt 1.65 NO (2) detected 

0.1 M LiC1O4ICH3CN P t  0.90 Mstnly dimers of (1) 
0.1 M LiClO4/CH3CN P t  1.70 No (3 or (2) detected 

0.1 M TEAPTS/CH2C12 Carbon 1.30 No (1) or (2). various dimers 

0.1 M TEAPTS/CH,,C19 Ti 1.60 No. (a, variols dimers 

'V vdAgIAgC1 electrode. b~etraethylammonium p-toluenesulfate. C ~ o t a l  yield of various oxidized products: 

(2) plus various dtmers of (2). based on UV spectral data. d ~ ~ e l d  of isolated purified msterid.  

oxidation procedure are pll te critical. This would explain why, up t o  now, no successful electrochemical 

procedure to oxidize 1,2,3,4-tetrahydrocarbamle to  carbamle has been reported, although such attempts have 
2 been Willis reported that the anodtc oxidation of tetrehydracarbamle yielded the 1,9' dimer as the 

3 only tsolable product. Furthermore, i t  has been stated in the literature that the ring substituted carbamle eatton 

radicals (generated vie anodlc oxidation) a re  extremely reactive, especially a t  posit,ons C-3, C-6 and N-9. 

The highest yields of (2) were obtained when the oxidation was cerried out in 0.1 M TEAPTSImethylene chloride a t  

a platinum gauze electrode a t  +1.5 t o  +1.9volts. Applying a carbon anode, mamly dimers of (1) were formed and 

no (2). Also using 0.1 M Bu4NBF4/methylene chlortde or 0.1 M LiCL04/acetonitrile instead of 0.1 M 

TEAPTSlmethylene chlofide produced mainly dimers of (1) end @) and no 0. 

Two major problems exist. The first one is the formation of dimers of several types. No expertments were 

performed to  identify the exset structures of the dimers or their mode of formation. The second problem involves 

the absorption of the oxidatton products a t  the anode leading t o  large drop of current C'electrode fouling"). This 

phenomenon makes tt difficult to obtain complete conversion of the starting material although current pulsing 

minimizes the absorption problem and increases the yield. 

The inttially otserved high yields of (60%) were based on the TLC, NMR, and UV data of the crude. Isolation 

and huriftcatlon of the materld showed that the highest isolated yield of (2) is about 15%. It was found that the 

erude batches mntain not only vsrious dimers of (2) [spectral propr t le r  similar to  those of (2)l but also some 

dimers (or high polymers) of 0. 
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It is possible that w t h  a systematic study of the reaction parameters, such as nature of electrode material, 

temperature, voltage, supporting electrolyte, etc., the y e l d  of the anodic oxidation of (L) t o  (2) could be raised so 

that thts techncque could become of synthetic utility. 

Preliminary experiments have also indicated that other tetrahydro structures can be oxidized. Unsubstituted 

1,2.3.4-tetrahydr0iso~1noline and 1,2,3,4-tetrahydronaphtmene can be oxidized e lec t roehemidly  to  the 

cocre~ponding aromatic compounds, although the initial yield5 have been low (24%). 
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