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The electrolytic oxidation of 3@-acetoxybisnorallocholanic acid (I) in methanol a t  pH 11.3, 8.6, and 5.7 is 
The various reaction producte, i.e., preg- described. 

nane derivatives 11-V, indicate a carbonium ion intermediate is involved. 
The reaction in ethanol and 2-propanol also is discussed. 

Recent investigations2J have shown that the elec- 
trolysis of carboxylic acids in methanol yielded methyl 
ethers, apparently from attack of solvent on a carbo- 
nium ion intermediate. T h e  free radical evidently un- 
dergoes further oxidation a t  the platinum anode. We 
subsequently have reported' similar ether formation as 
well as olefin production @-elimination) in the elec- 
trolytic decarboxylation of isostevic acid. An exten- 
sion of the study of the anodic reaction with 3p- 
acetoxybisnorallocholanic acid (I) a t  various pH with 
different alcohols is the subject of this paper. 

The anodic reaction of I in methanol a t  pH 11.34 
gave a neutral mixture in 68% yield. The reaction 
was carried out a t  11.5-12.5' and a t  130-133 ma. 
The neutral material consisted of three major com- 
pounds, 11, IIIa, and IV (ll%, 42%, and 14% yields, 
respectively). Compound 11, m.p. 131-133', gave a 
positive tetranitromethane test and the infrared spec- 
trum showed bands a t  1640 and 912 cm.-', indicative of 
a vinyl-type olefin. This observation was supported 
by n.m.r., the spectrum showing multiplets centered 
at T 5.05 (2 protons) and 4.46 (1 proton), the typical 
absorption for an olefin of this type (CH2=CH-). 
Hydrogenation of I1 with palladium on charcoal in 
ethanol-dioxane under a pressure of 24 p.s.i. gave 
5a-pregnan-3p-01 (VI). I ts  infrared spectrum showed 
the absence of bands a t  1640 and 912 cm.-'. Com- 
pound IIIa, m.p. 242-243', was identified as 20E- 
methoxy-5a-pregnan-3p-01. The compound gave a 
positive Zeisel test and the infrared spectrum showed 
a broad band a t  1093 cm.-' (methoxyl). The n.m.r. 
spectrum showed a singlet a t  T 6.71 (methoxyl) and an 
asymmetric doublet centered a t  T 8.85 ( J  = 7 c.P.s.), 
to  which was assigned the C-21 methyl absorption 
coupled to a proton on an adjacent carbon to  which 
is attached oxygen (CH3-CH-O-). Preliminary in- 

frared and n.m.r. data on the third isolated compound 
(IV), m.p. 218-220°, indicated a second methoxy com- 
pound, possibly the C-20 methoxy epimer of IIIa.6 
The 36-acetoxy group of I was shown to be hydrolyzed 
a t  pH 11.3 (10.5-12') and hence the C-3 hydroxyl 
group did not arise from the electrolytic process, i .e . ,  
cathodic reduction. 

The electrolysis was then performed at  other base 
concentrations in order to study the effect on neutral 
fraction yields as well as to illustrate that  the olefin- 
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methoxy ratio is base independent. Anodic reaction 
of I a t  pH 8.6 gave a neutral mixture in 68% yield, 
equivalent to  the experiment conducted a t  pH 11.3. 
The mixture consisted of two previously described 
compounds, I1 and IIIa (8% and 7% yields, respec- 
tively), plus a less polar compound, IIIb, in 40% yield. 
The infrared spectrum of I I Ib  showed bands a t  1730 
(30-acetoxy) and 1075 cm. -l (methoxyl). The n.m.r. 
spectrum, that is similar to  IIIa with the exception of 
a band a t  T 7.96 (acetate methyl), showed the pres- 
ence of a singlet a t  T 6.70 (methoxyl) and a doublet a t  
T 8.81 and 8.90 (CHaCH-0-). The hydrolysis of the 

3-acetoxy group was thus greatly decreased a t  this 
pH. Acetylation of IIIa gave IIIb,  identical with the 
product obtained directly from the electrolysis (mix- 
ture melting point, infrared, and gas chromatography). 
The olefin-methoxy ratio did not change significantly 
in comparison to the electrolysis a t  pH 11.3. The 
yield of neutral material was greatly reduced to  13% 
when the reaction was carried out a t  pH 5.7. Gas 
and thin layer chromatography showed the presence 
of a t  least six compounds in this mixture, including 
11-IV. 

Attention was then directed to the reaction of I in 
ethanol and 2-propanol. Assuming an attack of sol- 
vent on a carbonium ion, an increase in the olefin- 
alkoxy ratio via a decrease in aIkoxy formation was 
expected because of the greater bulk of these alcohols 
in comparison to methanol. Anodic reaction of I 

1 



FEBRUARY, 1964 ANODIC DECARBOXYLATION OF CARBOXYLIC ACIDS 429 

in ethanol under basic conditions gave a neutral mix- 
ture in 81% yield, consisting of two major products, 
AZ0-5a-pregnen-3p-ol (11) in 30% yield and 20E- 
ethoxy-5a-pregnan-36-01 (V) in 27% yield. The 
olefin-alkoxy ratio'was increased ca. fivefold in this re- 
action over that  in methanol (pH 11.3). The reaction 
of 1 in 2-propanol gave a neutral fraction in poor yield 
(16%), which was a mixture of a t  least ten compounds. 
The reaction was not further investigated. 

The anodic oxidation of carboxylic acid I appears to 
proceed through a free-radical intermediate to a car- 
bonium ion from which I1 (pelimination) or IIIa, 
IIIb,  and V (attack by solvent) may result. Products 
of' this nature arising from a free-radical reaction are 
more difficult to interpret.6 These results are in 
accord with former 

The anodic decarboxylation reaction may be a use- 
ful approach to biological intermediates, e.g., pregnane 
derivatives, such as described in this paper. 

Experimental' 
Description of the Electrolysis Apparatus.-The apparatus 

consisted of two smooth platinum electrodes (sheet), 9 mm. wide 
and 40 mm. long. The electrodes, placed parallel to each other 
3-4 mm. apart, were immersed 25-30 mm. into the magnetically 
stirred solutions. Glass beakers (30 ml.) were used as electrol- 
ysis vessels. 

Anodic Reaction of 3~-Acetoxybisnorallocholanic Acid (I) in 
Methanol at pH 11.3.-To a solution of 505 mg. of 3p-acetoxy- 
bisnorallocholanic acid (I) in 30 ml. of absolute methanol was 
added 133 mg. of metallic sodium. The pH of the resulting 
solution was 11.3. The solution was electrolyzed a t  133 ma. 
and 7-8 v. for 8 hr. Methanol was added periodically to main- 
tain the original volume. The temperature of the solution was 
maintained a t  11-12.5' by use of an evaporating acetone bath. 
On completion of the electrolysis, the solvent was removed under 
reduced pressure and the residue dissolved in chloroform and ex- 
tracted three times with 570 sodium hydroxide. After washing 
the chloroform extract two times with water and drying over 
sodium sulfate, the solvent was removed under reduced pressure. 
The neutral mixture, 277 mg. (ca. 6870) of thick oil, was subjected 
to preparative thin layer chromatography (silica gel G) developed 
continuously8 with dichloromethane-ether (95: 5) as solvent for 
3.5 hr. Inspection of the plate under short wave ultraviolet light 
indicated three distinct bands. Elution of each band9 with ace- 
tone gave 31 mg. (llyO) of white solid (upper band), 128 mg. 
(42y0) of white solid (middle band), and 43 mg. (14y0) of white 
solid (lower band). These per cents were in good agreement 
with those obtained from a gas chromatogram of the neutral 
mixture. Crystallization of the upper band product (31 mg.) 
from dilute methanol gave 14mg. of whiteneedles, m.p. 131-133". 
The product gave a positive tetranitromethane test. The infra- 
red spectrum showed bands at  3600 (-OH), 1640, and 912 
cm.? (CHZ-CH-). The n.m.r. spectrum showed multiplets 
centered at  7 5.05 and 4.46. Analysis of the product indicated 
Aao-5a-pregnen-38-ol (II) ,  [CY] 2 0 ~  0 f 2 '  (c  0.53, chloroform). 

Anal .  Calcd. for C21H340: C, 83.38; H, 11.33. Found: 
C, 83.44; H, 11.56. 

(6) C. Walling, "Free Radicals in Solution," John Wiley and Sons, Inc., 

(7) Melting points were taken on a Kofler block and are uncorrected. 
Analyses and rotations were performed by the Analytical Services Unit, 
NIAMD, under the direction of Mr. H. G. McCann. Infrared spectra 
were obtained on a Perkin-Elmer Model 21 spectrophotometer through the 
cooperation of Mr. H .  K. Miller and Mrs. A. H. Wright. N.m.r. spectra 
were obtained with a Varian HR-60 spectrophotometer. Deuteriochloro- 
form was used as an internal reference. Gas chromatograms were obtained 
through the cooperation of Dr. D .  F. Johnson on a Chromalab chroma- 
tograph. Model 210, using a 4-ft. column (4-mm. i.d.1 of 1% SE-30 on 
Gaschrom P (100-120 mesh) at  215' and 30 p.s.i. 

( 8 )  R. 1). Bennett and E. Heftrnann, J. Chromalog., l a ,  245 (1963). The 
author thanks Dr. Bennett for advice concerning this technique. 

(9) The product eluted from each band waa rechecked for homogeneity by 
xegular thin layer chromatography in all caaes throughout this paper. 

New York, N.  Y . ,  1957, p. 581. 

Crystallization of the product from the middle band (133 mg.) 
from dilute methanol gave 71 mg. of crystalline product, m.p. 
129-229'. Two additional recrystallizations from methanol- 
ether gave a sharp melting compound, m.p. 242-243' (dried a t  
100" under high vacuum). The compound gave a positive Zeisel 
test and the infrared spectrum showed a broad band a t  1093 
cm.? (methoxyl). The n.m.r. spectrum showed the following 
bands: singlet a t  7 6.71 (-0CH3) and doublet centered a t  8.85 
(J = 7 c.P.s., CH3-CH-0-). Analysis of the product indicated 

1 
20t-methoxy-5a-pregnan-3p-01 (IIIa); [a] 2 0 ~  - 14.0 rt3" (c 
0.35, chloroform). 

Anal .  Calcd. for C22H3802, C, 78.98; H, 11.45; OCHs, 
9.31. Found: C, 79.23; H, 11.73; OCHa, 9.62. 

Crystallization of the product from the lower band from dilute 
methanol gave 14 mg. of white crystals, m.p. 200-210". A sec- 
ond recrystallization raised the melting point to 218-220", white 
needles. The infrared spectrum showed a band at  1070 cm.-l. 
The n.m.r. spectrum on a small amount of sample showed absorp- 
tion similar to that of IIIa.  The analytical data supported a 
C22H3802 methoxy compound (IV). 

Anal .  Calcd. for C22H3802: C, 78.98; H, 11.45. Found: 
C, 79.01; H, 11.79. 

Hydrolysis of I at pH 11.3.-A solution of 98 mg. of 36-ace- 
toxybisnorallocholanic acid (I) in 6 ml. of methanol containing 26 
mg. of metallic sodium was set a t  10.5-12" for 8 hr. Approxi- 
mately one-half of the solvent was then evaporated under an air 
stream. The solution was acidified with 5y0 hydrochloric acid 
to congo red. The white solid was removed by suction filtra- 
tion, washed repeatedly with water, and air-dried. Recrystal- 
lization from a large amount of ethanol gave 51 mg. of white, 
crystalline compound, m.p. 273-275". An additional recrystal- 
lization raised the melting point to 277-278'. The analytical 
data indicated 3~-hydroxybisnorallocholanic acid, [a] ~ O D  0 It 
1.5' (c  0.6, ethanol), lit.10 m.p. 270". 

Anal .  Calcd. for C22H3,03: C, 75.81; H, 10.41. Found: 
C, 75.59; H,  10.67. 

Anodic Reaction of I in Methanol at pH 8.6.-A solution of 505 
mg. of I in 30 ml. of absolute methanol containing 69 mg. of 
sodium methoxide (pH 8.6) was electrolyzed for 8 hr. a t  130 ma. 
and 12 v. Methanol was added periodically to maintain original 
volume. The temperature of the solution was maintained at  21- 
23.5". Work-up of the reaction in the usual manner gave 291 mg. 
of neutral mixture (ca. 68%) as a thick oil. The material was 
subjected to preparative thin layer chromatography (silica gel 
G) with dichloromethane-ether (4: 1) as solvent. Inspection of 
the plate under short wave ultraviolet light showed three definite 
bands. The products of the two lower bands corresponded to 
compounds I1 and IIIa by gas and thin layer chromatography. 
A yield of 24 mg. (8%) of I1 and 24 mg. (7%) of IIIa was ob- 
tained. The product of the uppermost band, 157 mg. of white 
solid, was further purified to remove a trace impurity using 
preparative thin layer chromatography (dichloromethane-ether, 
95:5).  Elution of the major band with acetone gave 128 mg. of 
white solid. Crystallization of 63 mg. of this product from 
methauol gave 25 mg. of white flakes, m.p. 108-118". A second 
recrystallization gave 11 mg. of pure product, m.p. 122-125". 
The infrared spectrum showed bands at  1730 (38-Ac0) and 1075 
cm.? (methoxyl). The n.m.r. spectrum Rhowed the following 
bands: singlet a t  7 7.96 (acetate methyl), singlet a t  6.70 (OCH,), 
doublet a t  8.81 and 8.90 (CH3-CH-0-). Analytical data in- 

dicated 20E-methoxy-5a-preanan-34-ol acetate (IIIb). la1 SOD 
I 

, I ,  . , 
+12.0 j= 3.0" (c  0.33, chlbrororm). 

C, 76.81; H, 10.92. 
Anal .  Calcd. for C~&OO,: C, 76.55; H, 10.71. Found: 

Anodic Reaction of I in Methanol at pH 5.7.-To 484 mg. of 
carboxylic acid I in 30 ml. of absolute methanol waR added ca. 0.6 
mg. of metallic sodium. A small amount of heating was neces- 
sary to bring about solution. The cooled solution (pH 5.7) was 
then electrolyzed for 9 hr. a t  100-1 10 ma. and 125 v. a t  a tempera- 
ture of 35-38'. Work-up in the usual manner gave alow yield of 
neutral material, 54 mg. (ca. 13y0), as a thick oil. Preparative 
thin layer (silica gel G, dichloromethane-ether, 98:2) gave six 
products, four of which corresponded to compounds 11-IV as 
shown by gas and thin layer chromatography. 

Anodic Reaction of I in Ethanol at pH 10.0.-To 522 mg. of I 
in 30 ml. of absolute ethanol was added 130 mg. of metallic 
sodium (pH 10.0). The solution was electrolyzed for 8 hr. a t  

(10) E. Fernholz, Ann.,  607, 128 (1933). 
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130 ma. and 12-20 v.  a t  a temperature of 14-17". Work-up of the 
solution in the usual manner gave 330 mg. of neutral material 
(ca. 81Y0). The mixture was subjected to preparative thin layer 
chromatography developed continuously for 2.5 hr., using di- 
chloromethane-ether (98: 2) as solvent. Two distinct bands 
were shown under short wave ultraviolet light. Elution of these 
bands with acetone gave 96 mg. of I1 (30%) and 103 mg. of V 
(27'%). These per cents were in good agreement with those 
obtained from a gas chromatogram of the neutral mixture. 
Compound I1 was recrystallized from methanol, m.p. 13G132", 
identical with I1 previously described (mixture melting point, 
infrared, and gas chromatography). The second product (V), 
wa8 recrystallized from acetone to give a white crystalline com- 
pound, m.p. 127-130'. A second recrystallization gave raised 
m.p. 137.5-139'; trans crystallization, m.p. 160-164". The 
infrared spectrum showed a broad band a t  1075 em.-' (ethoxyl). 
Analytical data indicated 20E-ethoxy-5a-pregnan-38-01, [a] ~ O D  

11.0 f 3.0' (c 0.6, chloroform). 
Anal .  Calcd. for C23H4002: C, 79.25; H,  11.57. Found: 

C, 79.17; H,  11.81. 
Attempted Anodic Reaction of I in 2-propanol.-To a solution 

of 457 mg. of I in 50 ml. of 2-propanol was added 28 mg. of 
sodium (pH of cloudy solution 8.4). The solution was electro- 
lyzed for 10 hr. a t  30-35ma. and 135-15Ov. at 18.5-23". Work- 
up in the usual manner gave 60 nig. of neutral material (ca. 16Y0). 
A thin layer chromatogram (dichloromethane-ether, 4:  1) showed 
a mixture of a t  least ten compounds. The reaction was not 
further investigated. 
20(-Methoxy-5a-pregnan-3p-ol Acetate (IIIb) .-A solution 

of 70 mg. of crude 20E-methoxy-5a-pregnan-38-01 (IIIa) in 

4 ml. of pyridine containing 0.5 ml. of acetic anhydride waa 
refluxed for 2 hr. The cooled solution was poured into ice-water 
(10 ml.) and the mixture extracted with 3-5 ml. portions of 
chloroform. Evaporation of the solvent gave a brown crystal- 
line solid. Recrystallization from methanol gave 21 mg. of 
white flakes, m.p. 111-118'. Two additional recrystallizations 
raised the melting point to 123-126". A mixture melting point 
with IITb obtained from the anodic reaction (methanol, pH 8.6) 
was 122-125'. The gas chromatographic retention times and 
infrared spectra of both samples were identical. 

Sa-Pregnan-38-01 (IV) .-To a solution of 27 mg. of AZ0-5a- 
pregnen-38-01 (11) in 6 ml. of ethanol-dioxane (1 : 1) was added 
96 mg. of palladium on charcoal (loyo). The mixture was hy- 
drogenated for 6 hr. a t  room temperature and under a pressure of 
24 p.s.i., using the Parr apparatus. Removal of the catalyst 
by filtration and evaporation of the solvent gave a gum. The 
product was subjected to preparative thin layer chromatography 
developed continuously for 2 hr. (silica gel G; dichloromethane- 
ether, 95:5).  Elution of the major band with acetone gave 11 
mg. of white solid, m.p. 118-128". Recrystallization from 
methanol gave 2.7 mg. of 5a-pregnan-38-01 (VI) as shiny white 
flakes, m.p. 138-139.5", lit." m.p. 138-138.4'. The infrared 
spectrum showed the absence of bands a t  1640 and 912 cm.-'. 
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The question of phenyl 1,2-migration of free radicals during Kolbe electrolyses has been examined by electro- 
lgzing 3,3-diphenylpropanoic acid (1)  in acetic acid containing acetate ion and ( 2 )  in methanol, and (3) by elec- 
trolyzing 3-phenylpropanoic acid in acetic acid containing acetate ion. The electrolysis products from 1 con- 
sisted of 1,l-diphenylpropane (I \ - ) ,  3-phenyl-3,4-dihydrocoumarin ( V ) ,  and lJ2-diphenylethyl acetate (VIII), 
along with smaller quantities of phenyl cinnamate (VI), 2-0-acetyl-1,l-diphenylethylene glycol ( IX) ,  and phenyl 
3-acetoxy-3-phenylpropanoate (1-11). The identified electrolysis products from 2 were 1,lI4,4-tetraphenyl- 
butane (XIII )  and methyl 1,2-diphenylethyl ether (X1TII).  VI11 and XF'III represent products of phenyl 
1,2-migration. The electrolysis products from 3 consisted of n-propylbenzene and 2-phenylethyl acetate. 
Arguments are presented supporting the hypothesis that the unrearranged hydrocarbon products (IV and XI11 ) 
arose by coupling of free radicals prior to rearrangement and that the rearranged acetate and ether products 
(VI11 and XVIII) resulted from anodic oxidation of unrearranged 2,2-diphenylethyl radicals to 2,2-diphenyl- 
ethyl carbonium ions, followed by rearrangement of the latter to more stable benzylic 1,2-diphenylethyl rar- 
bonium ions which ultimately solvolyzed to the observed oxygenated products. 

Recently, with the intention of developing a system 
in which the possibility of bridged radical intermediates 
could be critically evaluated, we have succeeded2 in 
generating the 1,2,2-triphenylethy1-l-C1* radical (I) 

PhzCH-Cl4HPh Ph2CHCHZ. PhCHCHzPh 
I I1 I11 

by the decarbonylation of 2,3,3-triphenylpropionalde- 
h~de-2 -C '~ .  The label redistribution in the mono- 
meric decarbonylation product, 1,1,2-triphenylethane, 
indicated that radical I had undergone phenyl 1,2- 
rearrangement to the extent of 5-14yo during its transi- 
tory existence. In  considering methods by which 
radical intermediates might be produced to broaden 
the above studies, the Kolbe electrolysis reaction ap- 
peared potentially applicable. While phenyl 1,2- 
shifts are observed frequently and are well-documented 

(1) The authors are grateful to the National Science Foundation for a 

(2) W. 4. Banner and F. D.  Mango. J. O r g .  Chem., 19, 29 (1964). 
grant (G9479) which supportpd part of this study. 

for radical intermediates produced by a variety of 
other techniques,2 the situation regarding such rear- 
rangements during Kolbe electrolyses is less straight- 
forward. Urry3 has reported the formation of rear- 
ranged products (isobutylbenzene, 2-methyl-3-phenyl- 
1 -propene, and 1 -phenyl-2-me t hyl- 1 -propene) along 
with unrearranged products (t-butylbenzene, ethyl 
0-phenylisovalerate, 2,2-dimethyl-2,2-diphenylhexane, 
and neophyl 0-phenylisovalerate) during the Kolbe 
electrolysis (ca. 2 ma./cm.2) of P-phenylisovaleric acid 
in ethanol. More recently, on the other hand, Breeder- 
veld and Kooyman4 noted specifically the absence of 
rearranged products on Kolbe electrolysis of @-phenyl- 
isovaleric acid under slightly different conditions 
(methanol and methanol-acetic acid solvents, ca. 
150 ma./cm.2). Accordingly, it appeared initially 
pertinent to ascertain if Kolbe electrolysis would lead 

(3) W. H. Urry, Abstracts of Papers, 12th National Organic Chemistry 
Symposium of the American Chemical Society, Denver, Colo.. 1951, P. 36. 

(4) H. Breederveld and E. C .  Kooyman, Rec. Iran. chim., 76, 297 (1957). 


