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Abeact-The ekctrolysis of artain pachlorates in acetonitrik solutions has bao carried out both 
in the atena and pnxcnce of aromatic hydrocarbons, such as tolwne and cunxnc. TIE products 
formed indicate that tl~ reactions involve oxidation of the hydrocarbons by pachlorate ions (or 
radicals). Oxygen-fiat coupling prod- of the hydrocwtwna wcrr dewted, but tht extent of these 
reactions is gcnaally small. Pogibk rertion paths for the formation of thnc producta an discus&. 

ELECTROCHEMICAL processes involving the addition or removal of a single electron 
from an inorganic solute ion, may provide a convenient method for the generation of 
inorganic fret radicals. Such electron transfer processes may be involved in anodic 
halogenations,’ thiocyanation* and nitration,” which are carried out in the presence 
of organic compounds by the electrolysis of inorganic salts or acids in aqueous media. 

Schmidt and Noack‘ reported that the electrolysis of perchlorates in acetonitrile 
leads to the quantitative generation of hydrogen ion at the anode, and to the formation 
of succinonitrik. They proposed that the anodic reaction proceeds through the 
discharge of a perchlorate anion to form the perchlorate radical i.e. : 

ClO*- + Clo, -!- c- 

McCN t GO, + ‘CH,CN + H’ -i CIO,- 

2 CH,CN --, NC-H&-CH,--CN 

Maki and Gcsk@ observed an electron spin resonance spectrum of reactive 

intermediates generated by the electrolytic oxidation of acetonitrile solutions of 
lithium and sodium pet-chlorates shows a hyper6ne structure of four qually spaced 
lines with approximately qual intensity, interpreted as due to the perchlorate radicals 

in support of the Schmidt-Noack sequence. 

l Ppn II, K. Koyama, K. Ycehida and S. Twtsumi. &II. Chrm. Sot. Jqun 39, S16 (1966). 
t -ted a1 the 16th Annual hfecrlng of the Chemical Sociely of Japm, Tokyo, April (1963). 
: Racnt ad-: Basic Rceuxh ~bomtorka Toyo Rayon, Kamakura. Japan. 

I M. J. Alkn, Orgonic E&trode Processes p. 143. Reinhold, New York (19S8). 
* M. J. Alkn, Organic Elecrrodc Processes p. 161. Reinhold. New York (1958). 
’ K. Sugino, T. Shhi and T. Nonaka, Abstracts of pqwrs Presented as tk 30th Ad Meet@ of 

rk E&ctrockm&d Sodcry ofJapan p. 115. Tokyo, Japan (1963). 
4 H. Schmidt and J. Noack. 2. AMT. Y. AI&em. Ckm. 296,262 (1958). 
L A. H. Maki and D. H. G&e. J. Ckm. Phys. 30,13S6 (19S9). 
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Much attentiona*’ is still devoted to this anodic reaction at Pt electrodes, because 
of the growing interest in the use of acetonitrilc as an electrochemical solvent, and the 
use of perchlorates as supporting electrolytes. 

Based on these facts, perchlorate radicals, if formed at the anode, may attack an 
organic substrate present, giving rise to either hydrogen abstraction or the other 
reactions.* 

RESULTS AND DISCUSSION 

The electrolyses were carried out in an undivided cylindrical cell under a contin- 
uous stream of nitrogen. Parallel Pt sheets were usually employed as electrodes 
except for the experiment with silver perchlorate as an electrolyte, in which the 
electrolysis was carried out between a Pt anode and a Ag cathode. 

Initial experiments were conducted in the absence of organic additives to investi- 
gate the electrochemical background reaction of an acetonitrile solution of lithium 
perchlorate. A small amount of current passed through the solution at the beginning 
of the electrolysis, rapidly dropped to near zero. Examination of the residual oil 
after removal of solvent and perchlorate from the electrolysed mixture indicated that 
succinonitrile is not formed in contrast to the result reported by Schmidt and Noack.’ 

In the experiments with added hydrocarbons, the current did not decrease so 
rapidly, and thus the electrolysis was continued until the current had been passed 
for the calculated period. The electrolysis of lithium perchlorate in acetonitrile in the 
presence of cumene yielded considerable amounts of 2-phenyl-2-propanol (I) together 
with traces of acetophenone (II) and a small quantity of 2,3dimethyl_2,3diphenyl- 
butane (III). In addition to the above products, 4,4’-diisopropylbiphenyl (IV) was 
isolated from the experiment with ammonium perchlorate as electrolyte. The result 
obtained with a silver perchlorate electrolyte indicated the possible formation of 
2 (isopropylphenyl) 2-phenylpropanes (V)--on the basis of b.p. and IR spectral com- 
parisons with those reported previously. *JO In addition, a substance, m.p. 51’, which 
solidified on the wall of a cooler during vacuum distillation, was close to the m.p. 
(49”) of a compound produced together with IV by the action of Cu powder on 
piodocumene, and considered by Boedtker to be 2 @-isopropylphenyl) 2-phenyl- 
propane.” As has been pointed out,**10 isolation and characterization of each 
isomeric V is an arduous task. 

When toluene was used as the organic additive, benzaldehyde (VI), 1,2diphenyl- 
ethane (VII) and 4,4’dimethylbiphenyl (VIII) were produced. Although benzyl 
alcohol could not be detected, the IR bands at 3200-3350, 1285 and 1025 cm-r 
suggest the formation of a OH compound. 

All the products, except V, were identified by isolation and comparison with 
authentic samples. 

The reaction conditions and the results are summarized in Tables 1 and 2, rt- 
spectively. 

* J. P. Billon, /. Ekcfrowd Chem. 1,486 (1960). 
’ J. P. Billon. Bull. Sot. Chlm. Fr. 863 (IW2). 
’ C. Walling, Free RndicuLt in Solufion p. 31. Wiky. New York (1957). 
g P. Kovacic and A. K. Sparks. J. Org. Chem. 28,972 (1963). 

*@ P. Kovacic and K. E. Davis, J. Am. Chem. Sot. 86,427 (1964). 
I1 E. Bocdtkcr, Bull. Sot. Chim. Fr. 45. 645 (1929); Chem. Absrr. 24, 98 (1930). 
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RX-R 
; & &-o 

RR 

I: R=Me II: R = MC 111: R Me 
VI: R,:H WI: R = H 

Ii 

IV: R .- Me v: R n MC 
vm: R = H 

The current applied for the identified products was based on the assumption that 
the following initial reaction occurs. 

CIO,- i. RH - . R. - H- + CIO,- + e- 

TABLX! 1. RFACIION mhDmOs!s ‘*’ EMPLOYEO FOR THE RFACI-ION OF AROMATIC HYDROCARBON! 

AT pt ANODES Iti McCN C~NTAINWG PERCHLORATE SUPPORTINct FLECI’ROLYIFS 

Aromatic’ 
Run EkCWOlytCS hydra- Applied Total 
No. X+ ClO,- carbons EkCWOdCS‘ voltngc Tanp current 

-_ -- -- - _- - 
X mok Anode Cathode V f&Y 

1 Li 001 CulIwu Pl Pt S-10 3-Y 048 
2 NH, 001 Pt PI S-10 2-S” 070 
3 Ag 00 cunwu PI* Ast l&m 2-Y 1.1s 
4 Li 001 1OlWlC PI PI 20-40 2-5” 0.78 

l In each experiment. #)o ml of McCN was used as solvent. 
* Anode cunrnt density was maincainod bctmtn @l and @2 amp/dm*. 
l ‘I-he amount of hydrowbo lUU3CdW&31oOg. 
‘~ebarodesusedwut2paralklplateekctrodes.cachmusurrdSx8anandspoccdSmm 

apBc1. 
l cylindrical form 
tItwasrncasured2~5x 6an. 

Results 

(1) The main products identified in the experiments with added hydrocarbons 
were oxygenated compounds. Although there was evidence of oxidative coupling with 
the aromatic hydrocarbons, this generally was not significant. (2) Succinonitrile 
could not be detected nor did the IR spectra of mixtures display a band assignable 
to a cyano group, or VPC gives evidence of succinonitrile. (3) The presence of a 
chloride, probably hydrogen chloride, was obtained by precipitation as silver chloride 
by the passage of the gaseous products through aqueous silver nitrate solution. 
(4) The Pt anodes lost their metallic brightness during electrolysis, but no quantitative 
determination of this anode corrosion was made. (5) A change in the cation of the 
electrolytes had no significant effect on the variety of products and, therefore, these 
are formed at the anode. 
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The formation of oxygenated products must involve the oxidation of the hydro- 
carbons with oxygen (or air). ls The source of the oxygen may be due to (1) traces of 
water in the solvent, (2) traces of oxygen dissolved in the solvent, or present in the 
electrolysis atmosphere, and/or (3) the oxygen liberated from perchlorate anions 
(or radicals) by degradation. 

As the electrolyses were carried out in a nitrogen atmosphere, and dry acetonitrile 
was used as the solvent, it seems reasonable to assume that (3) is the most probable 
source of the oxygen. As mentioned, both the corrosion of Pt anodes and the gener- 
ation of hydrogen chloride, are closely related to perchlorate degradation at the anode. 

In support, eviden@ was recently furnished that the anode background reaction 
of perchlorates in acetonitrile at Pt electrodes involves degradation of the perchlorates 
to lower oxidation states of chlorine, leading to an oxidative attack on the solvent. 
Although the detailed mechanism is not given, Russell also points out that the electron 
spin resonance spectrum observed5 is probably due to chlorine dioxide rather than the 
perchlorate radical because the g-factor and coupling constant for the radical observed 
in the electrolysis agree with those for chlorine dioxide generated in the y-irradiation 
of potassium perchlorate,” and the lifetime of the observed radical seems longer than 
one might expect for the perchlorate radical. 

Based on these considerations, at least two reaction mechanisms are possible. 
The first involves the discharge of perchlorate anions leading to the generation of the 
perchlorate radicals as shown in Scheme I. The second, involves the generation of 
aromatic hydrocarbon cation radicals by loss of one n-electron from each hydrocarbon 
molecule followed by either their coupling or the reaction with perchlorates 
(Scheme II). 

For both schemes, there are numerous additional reaction paths including oxida- 
tion with the chlorine compounds such as ClO,-, CIO?, Clot- and CI,O, and, thereby, 
a fraction of the perchlorate will be reduced to chloride. It may be assumed that the 
alkoxy radical (XI) would form as an active intermediate.‘* It is, however, difficult 
to consider that a chain reaction mechanism is involved because all the reactions in 
both schemes probably occur on the electrode surface where the chain carriers could 
be destroyed to give less reactive species. 

Although there is no evidence in favour of either scheme, the second is preferred. 
Recent voltammctric studies of aromatic hydrocarbons in acetonitrile using a rotating 
or vibrating Pt electrode with perchlorates as supporting electrolytes, suggest that the 
anodic waves are due to the removal of n-electrons from these compounds with 
formation of their cation radicals. The polarographic half-wave oxidation potentials 
of benzene, toluene and xylenes recently reportedl* are 2.08, 1.98 and 156-1.58 v 
(US a Ag+lON Ag+ reference electrode), respectively and the discharge of the per- 
chlorate anions occurs at an anode potential of 2.4 v (L’S Ag-OeOIM Ag+).’ These 
results suggest that the aromatic hydrocarbon ion radical is generated prior to the 
perchlorate radical. 

IS C. Walling, Free Rodicals in Solurfon p. 397. Wiky, New York (1957). 
** C. D. Russell. Anolyt. Chcm. 35, 1291 (1963). 
” T. Cok. Proc. h’atl. Acd Scl. U.S. 46, 306 (I 960). 
Ia W. C. Neikam and M. M. Dumond. 1. Am. Chem. Sot. 86.4811 (1964). 
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*o-o 

R-_(‘-R 

2H+ 

whcrcRbMeorH. 

EXPERIMENTAL 

AU m.ps and bps anz e. IR qxctnx Shimadzu IR qcctrophatometu IR-27B; 
Shimadzu gas chromatograph GC-2A \KIT unploycd for analysis of the products. The ekctrolyem 
wm carried out in an undivided cylindrical all fitted with a rcthxx con-r. N inkt tube and 
thermometer. The ekctroda attached to gisps tuba fitted through a rubber stopper welt mounted in 
the center hok of the all. Tbu ekctroda ordinarily u& MZ 2 paralkl Pt plates, c&t 5 x 8 an and 
spaad 5 mm apart, except for the cxpuiments with AgClO,. The all was cookd in a bath of cokl 
water containing ioz. The contents were stirred magnetically and N was passed through the soln 
during ekctrolysis. The N steam together with evolved gasu was passed through AgNO,aq plead 
in an washing bottk. 

Ma/&a/s. Commercially availabk McCN was dried over anhyd MgSO,, and then dhtilkd from 
P,O, through a Widmer column. TIIC fraction b.p. 82” was colkcted for use as solvent. Toluene and 
cumcnc wcrc obtained commcr&lly, rctluxed over Na. and then distilkd through a 30 cm of column 
packed with metallic iulices. The franions b.p. 11 lo and 152-153”. wcrc colkcted. Commercially 
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C-H 
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w&rcRisMeorH. 

available L.iClO, wan dried at 15&160” under red. press. (2-O mm) for 2 hr before USC. AgClO, and 
NH&lo, were obtained commercia Ily, dried under red. press.. and used without further purif~tion. 

The clectroly~ of aceron&& solution of lithium pcrchloratc. The 2 Pt ekctrodda were each 2 x 3 
an, and 5 mm apart. A soln of L.iClO, (2.2 g, DO2 mok) in McCN (1 SO ml) was ekctrolyscd with an 
applied potential of 8G85 v at SlO”. The initial small amount of current rapidly dropped to near 
zero, and, tbercfom, tba total current passed was very small. 

After removal of the pachlorate and solvent, distillation of ~hc rcmnining oil (05 @ under red. 
pcoss. (30 mm) gave no distillate. 

Another run, using @5 g of tbe perchlorate as elaztrolyte under eucntially identical conditions 
gave no indication (WC) of the prcknr of succinonitrik. 

Z+c clecrrolysis of lirhiumperchlorate in fhcprescnce of cumene. A soln of LiCIO, (I.0 g. @Ol mok) 
and cumcne (30 g. @42 mok) in McCN (100 ml) was ekctrolyscd at 3-5” with an applied potential of 
S-10 v at a cunxnt density of CL @l amp/dm* until D24 faraday had been passed through the all. 
At the end of the ekctrolysis. white ppts mn observed in the AgNO,aq. 

The products obtained from 2 runs were combined. dissolved in ether (100 ml). washed 3 times 
with water (100 ml), drkd (MgSO,), and distilkd. to yield after removal of the solvent, the following 
fractions: (A), wt. 7.0 g. b.p. -62” at 47 mm; (R), 57.8 g. b.p. 62-67” at 47 mm; (C). I.0 g. b.p. 
lS50” at 3 mm; (D). 6.7 g. b.p. 50-70” at 3 mm; (E). l@O g. b.p. 7CL163” at 3 mm; (F), 12.3 g of 

11 
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black tmy residue. Fraction A gave a VPC displaying at least 3 peaks, and was found to consist 
mainly of unchan~ cumcnc together with a trace of McCN. Fraction B was the rccnvcrcd cutncnc. 
Although theJe 2 fractions seemed to react with Br. no evidence for the presence of a-methylqrcnc 
could !X obtained. Tbc IR spectra of fractions C and D (liquid films) exhibited the major absorption 
bands at 700,765, 860,910,955, 1025, 1070, 1100, 1160, 1250. 1350-1370, 1440, 1490, 1590, 1655, 
2910,u)oo and 322&33oocm l, me VPC analysis showed that fraction C consisted of unrcactcd 
cumcnc (traces) and I. The main peak on the VPC of fraction D was identical with that of I. These 
fractions, C and D, gave no obscrvabk peak having the same retention time as that of acctopbcnonc. 
ThcK VPC analyses were carried out by using a Silicone DC 550 column and H as carrier gas 
(a45 kg/cm*), at the column temp of 143”. Under these conditions, the retention times for cumcnc, 
I and II were 5-S. 8.0 and 15.5 min. respectively. Total yield of I based on the peak area on the VPC 
was 4.0 g. 

The treatment of fraction D with a-naphthylisocyanate gave a white solid, m,p. 133-i 34”. which 
was idcntifkd as the a-Mphthylu~~ of !. The m.p. of t!Gs dcrivativc was not dcp& on 
admixture with an authmtic sample and the IR spectra were identical. (Found: C. 78-45; H, 646. 
Cak. for C,,H,,O,N : C, 7866; H, 6.27 %.) 

Although fractions C and D gave no peak corresponding to that of II. (VFC), the tmatmcnt of D 
(lXi9 g) with the fnshiy prepared 2,4-&nitrophenylhydrazinc soln gave a trace amount (ea. 002 g) of 
a yellow ppt, m.p. 248-250”. s as 2,~ini~~~y~y~~ of II (lit” m.p. 250”) by tbc 
mixture m.p. test. The IR spectrum of thi derivative agreed closely with that of an authentic sample. 

A half portion (5.0 g) of fraction E was dissolved in EtOH. and water was added IO the soln to 
precipitate on cooling a while solid (O-025 g), m.p. 114-118°, identified after raqstallization from 
EtOH-water as III, m.p. 119-120”. undqcsscd on admixture with an authentic sample. The IR 
spectrum of this crystal (KBr disk) was identical with that of the authentic sampk, and displayed 
major absorption bands at 700,730.775.915,995, 1025, 1060, 1085, 1140, 1205, 1360. 1370, 1430, 
1460. 1485. 1580 and 29OOc.i. (Found: C, 90.50; H. 9.32. Calc. for Ci,H,,: C. 9070; H, 
9.30%) 

Prrpafaton of authewic 2-F~ny~-2-pto~oi (I) atxf its z-~thyi~tet~. A soln of MeMgI 
(from 12.2 g of Mg (0.5 g atom), 71 g (O-5 mok) of Me1 and 200 ml of dry ether) was pqarcd in a 
l-l. 3-ncckcd flask equipped with a scakd mechanical stirrer, rcllux condenser and a dropping funnel. 
To the stirred soln of MeMgI was added dropwiac a soln of freshly distilled acctophcnonc (5Og. 
@4 mok) in dry etbu (2C@ ml). After addition was compktc, stirring was continued for IS mitt, and 
then water was added to the soln. Tht ether was separated, dried over anhyd MgSO,, and tilt&. 
After evaporation of th solvent, the remaining oil was dhtilkd under red. press. to yield crude 1 
(42 g), b.p. 85-89’ at 11 mm. Redistillation of I gave the authentic sampk. b.p. 58-59” at 3 mm, 
J$,’ 1.5373, (Lit.2 b.p. 94” at 13 mm. n,‘* 1.5314). 

Authentic a-naphthylu~t~ of I was prepared as described in the lit.** Preparation of autbcntic 
111 was a modification of tht method of K.hara& er al.** A soln of di-t-butyl pcroxick (13.S g, 
ca.@l mok)incumcnc (60 g, 05 mok) was intrcduad (over a period of 8 hr) beneath the surfam of 
cumcnc (SO g. @42 mok) contained in a 300 ml 4-necked flask cquippcd with a mflux condcmcr, 
thermometer, dropping funnel and N inkt tube. Tbc Auk was immcr& in an oil-bath held at !30- 
140”. During the heating, t& N was allowed to flow over the surfaa of the soin. After tbt peroxide 
had compktely been dccoqos& evaporation of ti umcactcd cumcrs left a white solid (14 g>- 
T!x recrystallization from EtOH-water gave 111, m.p. 118-119” (L.~I” m.p. 115”). 

TiK clccrroiysis of acerodtrite solution of ammonium perchloraxc In the presence of cumene. A so!n 
of NH,CiO, (I .O g, 0.01 mole) and cumcnc (SO g, 0.42 mok) in McCN (100 ml) was clcctrolyscd at 
2-5O with an applkd potential of S-10 vat a current density of 0*1-O-2 amp/dm*. Total current passed 
was 0.35 faraday at the end of the electrolysis. The combined produa~ of 2 experiments were d&solved 

1’ R. L. S!uincr and R. C. Fuson, 7% Systematic Idtntijicolion of Organic Cornp~undr p. 263. Whey. 
New York (1948). 

1F I. Hcilbron. A. H. Cook, H. M. Bunbury and D H. Hey, Dirtionary of 01gadc Compounds (4th 
Edition) p. 2715. Eyre and Spottiswoodc, London (1965). 

i* R. I,.. Shrincr and R. C. Fuson, 7X.c Systematic I&ntifcation of Oganic Compounds (3rd Edition) 
p. 163. Wiley, New Yorlc (1948). 

** M. S. Kharasch, H. C. McBay and W. H. Urry, 1. Og. Chem. 10,401 (1945). 
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in ether, washed with water, drkd over anhyd &SO,, and distilled. after removal of rbe solvent 
undo dimini&d press. to yield the following fractions: (A), wt. 82 g. b.p. 37-115” at 12 mm; (B). 
1.5 g, b.p. 20-80” at 3 mm; (C), 4.1 g. b.p. 8&130” at 3 mm; (D), 2.4g. b.p. 13&135’ at 3 mm; 
(Ii), 2-5 g of dark brownish solid residue. Fraction A conuisted mainly of unchanged cumae. It 
reacted with Br, but no adduct was isolated. The IR v of fraction B (liquid film) exhibited the 
absorption bands at 7Oqs), 763(s), 860(r), 910(w). 955(s), 995(w). 1025(m), 107qm). 1100(m), 1173(s), 
1250(m), 136%~. broad), 1440(m), 1490(m), 1540(w). 1590(w), 1660(s), 294O(s)and33~9. broad)cm-‘. 
and was essentially identical with that of I except for the band at IMOan-*. Fraction B was sub- 
mitted to the VPC (columns: 25% Polyethylene glycol6000 on Shimalite, and 25% Silkotx DC 550 
on Shimalite, each 3 m kngth; column-tanp: 118”; carrier gas: H,, @5 kg/an’), and was found to 
consist mainly of I (70% wt.), which had retention tima of 25.5 for the former column and 23.5 min 
for the latter, respectively. A trace amount (ca. 3 mg) of 2.4-dinitrophenylhydrazone of I I was obtained 
from 60 mg of f&ion B. 

The 1R spectrum of fraction C (liquid film) was essentially identical with that of fraction B cxapt 
for small dilTeruxxd in the relative intensity of bands at 862,955 and 1295 cm *, and in the appcarana 
of an additional band at 820(m) cm”‘. The VPC analysis of fraction C reveakd the present of at 
least 4 compounds, one of which was the carbinol I. The yield based on peak area on the VPC was 
@2g. 

Fraction D was triturated in an EtOH-water to yield white crystals (01 g), m.p. 63-65.5”. Tbesc 
in charxtaized afta recrystallization from aqueous EtOH. as IV. m.p. M5” (Lit.**: m.p. 
65&i”). The IR spectrum of IV (KBr disk) exhibited the absorption bands at 725(m), 820(s), 8%(w), 
890(w), 920(w), lOW(w), 1020(m), 1053(m). 1099(w), 1112(w), 1176(w). 1258(w). 1295(w). 1333(w), 
13%~). 1370(w). 1390(w). 1440(m). 1485(m) and 2875(m) cm-l. 

The VPC analysis (column, 25% Silicone DC 550 on Sbimalite, 3 m Length; column-temp, 180”: 
carrier gas, H,, 0.95 kg/cm’) of fraction D also indicated the prucrm of a componeot whose 
retention time (31 min) was identical with that of 111. but the yield was very small (less than O-05 g). 

The electrolysis of acttonitrile solution of sihwr perchlorate in the presence of cumenr. In this 
ekctrolysb, a cylindrical Pt plate anode (5 x San) was used, mounted around a Ag calhodt 
(2.5 x 6 cm), and maintained 5 mm apaa betwan these ekctmdu. 

To a soln of AgClO, (18 g, @09 mok) in MeCN (100 ml), cumene (50 g, @42 mok) was added. 
Ekctrolysis of the soln was carried out at 2-5’ with an applied potential of l&20 v at an anode 
current density of @2 amp/drn* until Q58 faraday had been passed through the soln. The ekctrolyscd 
solns obtained from 2 NIIS MI’C combined, filtered to remove the metallic Ag deposited in the all 
during electrolysis, and then worked as described in the experiment with LiClO, and cumenc. 
Titration of acids present in the washing water with 0.5N NaOH indicated the formation of free acids 
(ca. 0.117 mok) probably in the forms of HCI and HCIO,. Distillation of the remaining oil gave the 
following f&ions: (A). wt. 68 g. b.p. 45’ at 20 mm; (B), 2 g, b.p. 35-50” at 3 mm; (C). 2.9 g. 
b.p. 5C135’ at 3 mm; (D), 5 g of residue. 

Fraction A was found to consist mainly of unrcacted cumcnc. The VPC analysis of f-ion B 
indicated the prcsemx of a small quantity (kss than @5 g) of I. Treatment of fraction B with an acidic 
2,4dinitrophenylhydrazinc soln alTordcd trace amounts (2-3 mg) of the hydrazone of II. This 
hydrazone gave an IR spectrum identical with that of an authentic sampk. 

The IR spectrum of fraction C exhibited the absorption bands at 700(s), 758(s). 803(w). 940(w), 
1030(m). 1055(w). 107Yw), 1105(w), 1203(w). 1275(w. broad), 1310(m), 136&1380 (m, 3 bands), 
144&s). 147Xm). 1495(m). 1505(w). 1590(m). 165ym). 1735(w). 179yw). 1865(w). 1950(w). 285Hw. 
shoulder) and 294W) cm ’ which include all the bands assigned by Kovacic and DavW to V with 
the striking similarity in the relative intensity. A portion (1 g) of fraction C was conducted to 
chromatographic purification to give slightly colored oil (@l g), b.p. 75-135” at 5 mm, which gave an 
1R spectrum displaying the absorption bands at 695(s), 755(s). 803(w). 828(w). 934(w). 1026(m). 
1055(w), 1074(w), 1100(w), 1152(w). 12OWw). 1275(w), 1307(m), 1355(m), 1366(m), 1377(m), 1435(s). 
1471(m), 1485(m), 1585(m). 1780(w). 1925(w), 2820(w), 2910(r), 2970(w) and 3003(~)cm-~. The 
elemental anal)& suggested that the oily material consisted of hydrocarbons. 

A substance (ca. @I g. m.p. 51-52”) solidified on the walls of a cookr during vacuum-distillation 
of fraction C. It was not funhcr characterized, even though the m.p. was close to that (49”) of the 
compound character&d as 2+isopropylphenyl) 2.phmylpropane.‘* 

so J. P. Morizur and R. Polland, C.R. Acod. Sri. Pads 254, 1093 (1962). 
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A portion (@35 g) of fraction C dissolwzd in EtOH, with the addition of water yielded a small 
amount of a slightly colored ppt. The IR w (KBr disk) displayed UWJ absorption bands at 
697(s), 758(s). 8Ww). 858(w). 913(w), 923(w), 936(w), 960(w), 1024(m), 1042(w). lOWm), loSYw), 
llzo(w), llS5(w). 1188-1198(w, 2 bands), 1272(w, 2 bands), 1305(m), 1356(m), 1375(m), 1430(m). 
1445(w), 1470(m), 1488(m), 1580(w). 2815(w), 2%0(m), 295qw) and 296S(w)cm’i. The structure 
of this substance was not de-. 

The VPC analysis (column. 25% Silicone DC SSO on Shimalite, 3 m; column-tanp, 175”; carrkr 
gas. H,, l+O kg/cm*) indicated that fraction C also contained a small amount of III, whose retention 
time was 45 min. 

77~ clecrrolysis of acetonitrik solution of lithium perchlorate in the presence of toiuene. A soln of 
LiCIO, (1 g, @Ol mok) and toluenc (SO g. @54 mok) in M&N (100 ml) was ekctrolyaed at 2-S’ with 
an applied voltage of 2&+0 v at a current density of ca. @l amp/dm’. The ckctrolysis was continued 
until 0.39 faraday had bctn passed through the soln. The ekctrolyscd solns from 2 experiments were 
combined and worked up as described in the experiments with cumcnc. After removal of the solvent 
and unchanged tolucne. the products mrc colkcted in 2 main fractions: (A). wt. lag. b.p.-21” 
at 10 mm; (B). 2.0 g, b.p. 21-I IO” at 10 mm; (C), 3.5 g. b.p. 1 l&153” at IO mm; (D). 5.5 g of dark 
brownish tarry residue. 

All fractions. especially fraction B. gave 1R gpocfra displaying the absorption bands at 32OG 
33StXs. broad), 1285(s), 1025(s) and 1640_16301vs, broad) cm i. These characteristic bands suggcstcd 
the formation of oxygencontaining products, but bcnzyl alcohol could not be detected. The cvidcna 
for the formation of VI (uam) was obtained by treating fraction B with 2,4-dinitrophenylhydraxin 
soln. IR spectrum of this derivative was almost identical with that of an authentic sampk. 

The WC (columns, 25% Polycthyknc glycol 6000 on Shimalitc and 25% Silicone DC 500 on 
Shim&c. each 3 m kngth ; column-temp. 183” ; car&r gas, H,, @5 kg/cm’) of fraction C nvcakd 
(ract amounts of a compound with retention ~irncs (13.8 and 23.5 min for above 2 conditions, 
mspcctively) identical with those of the authentic VII. 

The addition of water to a soln of fraction C in MeOH resulted in the precipitation of a solid 
(OG3 g), on cooling, which was chamct&i after recrystallization from MeOH-water as VIII, m.p. 
121-122” (Lit.xi: m.p. 121”). The IR spectrum (KBr disk) was identical in all mspccts with that 
appeared in the IR data*’ for VIII. 

*I M. Gomberg and J. C. Pancrt. /. Am. Chem. Sot. 48,1372 (1926). 
” IRD curds (Edited by Inframd Data Conunittct of Japan) 111, No. 1828 (1962). 


