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extracted by means of two 25-mL portions of CH,Cl,. The
combined extracts were washed with 0.1 M KOH and dried over
anhydrous MgS0,. Solvent was removed under reduced pressure
and the NMR of the residue taken without further purification.

This general procedure was used throughout and as determined
from a controlled experiment had no effect on product ratios.

Isomer ratios and percent reactions were obtained by integrating
peaks due to absorption by 5-methyl hydrogens. The hydrogens
for each of the three components have different chemical shifts.
Reactions were interrupted at different times and followed to at
least 80% completion. From plots of several points, the times
to reach 50% reaction were taken as ¢, 5.
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Chemical Society, for support of this research.
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Quaternary carbons in alkanes have been shown to affect
their physical properites, particularly melting point, vis-
cosity, and density. Tetraalkylmethanes such as 13-
decyl-13-heptyltritriacontane are liquids,! while the cor-
responding n-CsoH,o, melts at 92 °C.2  Levina and co-
workers have noted that highly branched alkanes of a
CyHyy—Ci7Hgg structure with two or three quaternary
carbon atoms, separated by a methylene group, generally
have higher viscosities and densities and become vitrified
at low temperatures, ca. —45 to -95 °C.2

In conjunction with another study, it appeared of in-
terest to examine the properties of alkanes with two—four
quaternary carbons, each substituted with two ethyl
groups. The syntheses of 3,3,6,6-tetraethyloctane (2),
3,3,6,6,9,9-hexaethylundecane (11), and 3,3,6,6,9,9,12,12-
octaethyltetradecane (12) were carried out as indicated in
Scheme I. The Kolbe electrolyses were accomplished
readily by means of a cell with a platinum gauze anode and
a mercury cathode.* The electrolysis of 3,3-diethyl-
pentanoic acid (1) afforded 81% of the normal Kolbe
coupling product (2) plus a mixture of compounds of which
3-5 undoubtedly arose from carbonium ions formed by
anodic oxidation of the free radicals which were interme-
diates of the electrolysis of the carboxylic acid.* They were
separated by gas chromatography and their proposed
identities are based on elemental and spectral analyses.

The formation of byproducts 3 and 4 may be ascribed
to the oxidation of the 2,2-diethylbutyl radical to the

(1) Rabjohn, N.; Phillips, L. V.; DeFeo, R. J. J. Org. Chem. 1959, 24,
964.

(2) Carothers, W. H.; Hill, J. W.; Kirby, J. E.; Jacobson, R. A. J. Am.
Chem. Soc. 1930, 52, 5279.

(3) Levina, R. Y.; Daukshas, V. K. Vestn. Mosk. Univ., Ser. Mat.,
Mekh., Astron., Fiz. Khim. 1959, 14, 221 (Chem. Abstr. 1960, 54, 19455¢).

(4) For leading references, see Baizer, M. M., Ed. “Organic
Electrochemistry”; Marcel Dekker: New York, 1973; Chapter 13. Ac-
knowledgment is made to a reviewer for this suggestion.
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corresponding carbonium ion which rearranged to the more
stable tertiary 1,1-diethylbutylcarbonium ion. Coupling
of the latter, or deprotonation, could have produced the
compounds. Abstraction of a hydrogen atom on the 4-
position of the 2,2-diethylbutanecarboxylate ion, followed
by oxidation of the new radical to a carbonium ion and
coupling of the ions, might have led to 5. It is conceivable
that the intermediate 2,2-diethylbutyl carboxylate radical
coupled with the 2,2-diethylbutyl radical, and the resulting
ester was transesterified with methanol to give 6.4

The crossed-coupling of 1 and 7, which was prepared in
situ by attack of methoxide ion on 3,3-diethyl-1,5-penta-
nedioic anhydride, gave four major products: 2, 3, 8, and
9, representing 77% of the reaction mixture. A number
of non-Kolbe minor components were isolated and their
identities are suggested from spectral data (see Experi-
mental Section).

The ester 9 was saponified to the acid 10, which was
electrolyzed with 1, and the desired hydrocarbons 11 and
12 as well as 2 resulted. No attempt was made to separate
other components of the mixture.

The melting points of 2, 11, and 12 are 7-8, 39.5-41.5,
and 77-79 °C, respectively, while the corresponding n-
isomers melt at 18, 47.6, and 65.8 °C.5 It is interesting
that the Cgy hydrocarbon (12) has a higher melting point
than triacontane. 2,2,5,5,8,8,11,11-Octamethyldodecane
has been reported to melt at 37-38 °C, while n-CyH,; has
a melting point of 36.8 °C.6 These four highly branched
alkanes have the quaternary carbons separated by two
methylenes, which apparently permit the substituent
groups to pack readily into not severely hindered but
c§mpact arrangments. Molecular models seem to support
this view.,

Experimental Section

Materials. 3,3-Diethylpentanoic acid (1) was prepared by a
previously described procedure.” The sodium salt of hydrogen
methyl 3,3-diethyl-1,5-pentanedioate (7) was made in situ by
causing sodium methoxide to react with 3,3-diethyl-1,5-penta-
nedioic acid anhydride which had been obtained by treating the
corresponding diacid with acetic anhydride.® 3,3-Diethyl-1,5-
pentanedioic acid was synthesized by the acid hydrolysis of 2,4-
dicyano-3,3-diethylglutarimide;® the latter was prepared from ethyl
2-cyano-3-ethyl-2-pentenoate and cyanoacetamide by the method
of McElvain and Clemens.!?

Electrolysis of 1. In a 1-L resin pot, fitted with a mechanical
stirrer, internal cooling coil, reflux condenser, stopcook, and a
platinum gauze anode (6 X 7 cm), 2 cm from the mercury cathode,
were placed 47.5 g (0.3 mol) of 1, 65 mL (0.3 mol) of 25% sodium
methoxide in methanol, and 300 mL of anhydrous methanol. A
direct current of 120 V and 13.7 amp was applied until the voltage
and amperage reached a steady state and the evolution of gas had
ceased. The reaction was stopped after 90 min by draining the
mercury cathode while the potential was still applied. The
methanol was removed by distillation, and the residue was dis-
solved in Et,0, washed with 10% NaOH, and dried (Na,SO,).
After removal of the Et,0, the residue was distilled through a
spinning band column to give three fractions: bp —50 °C (4.4 mm),
6.7 g; -114 °C (4 mm), 18.3 g; 114 °C (1.4 mm), 13.5 g; and residue,
2.1 g. The components of the fractions were isolated by prepa-

(5) Rappoport, Z., Ed. “Handbook of Tables for Organic Compound
Identification”, 3rd ed.; Chemical Rubber Co. Press: Cleveland, OH,
1967; p 8.

(6) Zakharova, A. L; I'ina, G. D.; Murashov, G. M. Zh. Obshch. Khim.
1955, 25, 1968 (Chem. Abstr. 1956, 50, 8439c).

(7) Rabjohn, N.; Phillips, L. V.; Stapp, P. R. J. Chem. Eng. Data 1962,
7, 543.

(8) Vogel, A. L. J. Chem. Soc. 1934, 1758,

(9) Birch, S. F.; Kon, G. A. R. J. Chem. Soc. 1923, 123, 2440. Farmer,
H. H.; Rabjohn, N. “Organic Syntheses”, Collect. Vol. 4, Wiley: New
York, 1963; p 441.

(10) McElvain, S. M.; Clemens, D. H. “Organic Syntheses”, Collect.
Vol. 4; Wiley: New York, 1963; p 662.
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Scheme I
(CoHg)3OCH,CH,CCHels + CoHg)COsHy + CHiCH==CCaHy + CHCHCICoHglp + (CoHglgCOH,CO,CHy
2 OCH3 CoHs 0COCH, 6
CH3ONa, CHyOH 3 C4 5

electrolysis

CH3ONa, CHZOH
electrolysis

(CoMg)aCCHRC0H + (CoHglpCCHRCO5H 2 + 8 + CH30,CCH,CICoHg)aCH,CHRCICHg)sCH,COCHS

8
1 HoCO,CH3
" +
(CoHg)3CCHoCHLCIC,HE)CHLCO,CHS
9
I, OH™
2. Hy0*
1 .
(C2H5)3CCH2CH2C(C2H5)2CHZCHZC(C2H5)3 + 2 W (CoHg) 3 CCHZCH,CIC,Hg ) ,CH, COH
11 electrolysis 10
+

(CoHe)3CCHRCH,CICHg)aCH,CHACICHg),CH,CH,CIC Hg )y

12

rative GC and identified as follows. 2: bp 140-142 °C (20 mm);
mp 7-8 °C; n%, 1.4524; 'H NMR (CCl,) é 0.5-1.5, (m, 84, CH,,
CHy); IR (neat) 2970 (s), 2935 (s), 2835 (s), 1460 cm™ (m); viscosity
in centistokes vs. temperature (°C), 5.24/37.8, 2.78/66.7, 1.67/98.9;
D%, 0.8324; yield 81%.

Anal. Caled for C,¢Hjs,: C, 84.86; H, 15.14. Found: C, 84.95;
H, 14.84. 3: bp 72-76 °C (30 mm); n? 1.4164; 'H NMR (CCl,)
6 0.5-1.0 (m, 9, CHy), 1.1-1.7 (m, 8, CH,), 3.03 (s, 3 H, OCHjy);
IR (neat) 1090 (s), 1075 cm™ (w); yield 11%.

Anal. Caled for CoHyO: C, 74.93; H, 13.98. Found: C, 74.74;
H, 13.72.

Trace quantities of three compounds were isolated by GC, and
spectral analyses suggested the following structures. 4:! 'H NMR
(CCl) & 0.7-1.1 (m, 6, CHy), 1.2-1.5 (m, 2,CH,), 1.60 (d, 3,
CH,CH=), 1.8-2.3 (m, 4, =C(CH,),), 5.0-5.4 (m, 1, CH=; IR
(neat) 3190 (m), 2765-3060 (), 1940 (m), 1840 (m), 1740 (m), 1670
cm™ (m). 5: 'H NMR (CCL,) 6 0.6-1.0 (m, 6, CHj), 1.1-1.7 (m,
7, CH,, CHy), 2.20 (s, 2, CH,CO,), 4,27 (q, 1, CHOCO); IR 1775
cm™ (s). 6: 'H NMR (CCl,) 6 0.6-0.95 (m, 9, CH,), 1.1-1.6 (m,
6, CHQ), 2.10 (S, 2, CHzCOz), 3.60 (S, 3, COgCHa).

Electrolysis of a Mixture of 1 and 7. A solution of 36.4 ¢
(0.23 mol) of 1 in 350 mL of dry methanol was added to a solution
of the sodium salt of 7, prepared by adding 25.0 g (0.15 mol) of
3,3-diethyl-1,5-pentanedioic anhydride to a solution of sodium
methoxide, made from 6.9 g (0.3 mol) of sodium in 165 mL of
methanol. The mixture was electrolyzed as described previously
at 120 V and 20 amp for 4.5 h, when the amperage was 3. The
solvent was removed by distillation, and the residue was dissolved
in Et,0, washed with 100 mL of H,0 and 100 mL of 1 N HC],
and dried. The Et,O was distilled and the 43.1 g of residue was
distilled through a spinning band column to give four major
components: 2 (46%), 3 (11%), 8 (9.5%) [bp 135-136 °C (0.5 mm);
n®p 1.4596; 'H NMR (CCl,) 6 0.6-1.0 (m, 12, CHj), 1.0-1.6 (m,
12, CHy), 2.14 (s, 4, CH,COy), 3.60 (s, 6, CO,CHy); IR 1737 cm™!
(s)].

Anal. Calcd for CgH3,0,: 68.75; H, 10.90. Found: C, 69.02;
H, 11.10. 9 (32%): bp 140-144 °C (2 mm); n*y, 1.4550; 'H NMR
(CCl,) 6 0.5-0.95 (m, 15, CHj), 0.95-1.6 (m, 14, CH,), 2.12 (s, 2,
CH,CO,), 3.60 (s, 3, CO,CH,); IR 1740 cm™! (s).

Anal. Caled for C;H,04: C, 75.50; H, 12.67. Found: C, 75.45;
H, 12.40.

Preparation of 10 and 3,3,6,6-Tetraethyl-1,8-octanedioic
Acid. A mixture of 30.2 g (0.11 mol) of 9, 52.8 g (0.8 mol) of 85%
KOH, 135 mL of H,0, and 55 mL of ethanol was heated at reflux
for 18.5 h and worked up in the usual way. The acid (22.4 g, 78%)
was recrystallized from CH3CN; mp 48-50 °C.

Anal. Caled for C,gHg,O04: C, 74.94; H, 12.58. Found: C, 74.73;
H, 12.53. :

(11) Church. J. M.; Whitmore, F. C.; McGrew, R. V. J. Am. Chem. Soc.
1934, 56, 1934.

A similar saponification of 5 g of 8, afforded 4.3 g (94%) of the
dibasic acid.

Anal. Caled for C,¢HyO4 C, 67.09; H, 10.56. Found: C, 67.23;
H, 10.55. '

Electrolysis of a Mixture of 1 and 10. A mixture of 31.6
g (0.2 mol) of 1, 25.6 g (0.1 mol) of 10, 64.8 g (0.3 mol) of 25%
sodium methoxide in methanol, and 400 mL of anhydrous
methanol was electrolyzed for 3 h with an initial 110 V and 16
amp. The solvent was removed by distillation and the residue
was diluted with petroleum ether, bp 60-65 °C. The solution was
washed with H,O and 10% HCI and dried over molecular sieves.
The solvent was removed by distillation and the residue (43.5 g)
was distilled through a spinning band column to give 10 fractions
and a residue. The latter was recrystallized from acetone and
afforded 5.4 g (27%) of 12: mp 77-79 °C; 'H NMR (CC),) &
0.50-0.94 (m, 30, CHj), 0.94-1.54 (m, 32, CHy); IR 2950 (s), 2910
(s), 2850 (s), 1450 (s), 1370 cm™ (m).

Anal. Caled for CyoHgs: C, 85.22; H, 14.78. Found: C, 85.02;
H, 14.69.

Redistillation of fractions 8-10 gave 10.4 g (32%) of 11: bp
145-146 °C (0.8 mm); mp 39.5-41.5 °C (acetone); IR 2960 (s), 2935
(s), 2880 (s), 1460 (s), 1375 cm™ (s).

Anal. Caled for Co3He: C, 85.09; H, 14.91. Found: C, 84.90;
H, 14.81.

Acknowledgment. We are grateful to P. R. Stapp who
had prepared previously a sample of 3,3,6,6-tetraethyl-
octane and determined some of its physical properties.

Registry No. 1, 6637-50-9; 2, 78715-64-7; 3, 62813-72-3; 4, 620-
00-8; 5, 78715-65-8; 6, 78715-66-9; 7-Na, 78739-30-7; 8, 78715-67-0; 9,
78715-68-1; 10, 78715-69-2; 11, 78715-70-5; 12, 78715-71-6; 3,3,6,6-
tetraethyl-1,8-octanedioic acid, 78715-72-7; 3,3-diethyl-1,5-pentane-
dioic anhydride, 4160-89-8.

Molecular Rearrangements and Fragmentations
during the Aromatization of Diels-Alder Adducts
Derived from 1-Benzylisobenzofuran

James G. Smith* and Noreen G. Chu
The Guelph-Waterloo Centre for Graduate Work in
Chemistry, Department of Chemistry, University of
Waterloo, Waterloo, Ontario N2L 3G1, Canada

Received January 26, 1981

We have eariler reported! that 1-benzylisobenzofuran
can be readily generated and captured as a Diels-Alder
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