
J .  Org. Chem. 1985,50, 5885-5886 5885 

108.5*0.5 M-' s-l. However, such an assumption will cause 
the rate constants to be overestimated because preexpo- 
nential factors for hydrogen atom abstraction from OH 
groups by oxygen-centered radicals are always found to be 
considerably smaller than 108.5*0.5 M-' s-1.24-33 Indeed, it 
is highly unlikely that the preexponential factor for reac- 
tion 4 would be as large as lo8 M-' s-l, a value as low as 
lo6 M-' s-l (or even lo4 M-' s-l ) being more in line with 
values that have been reported for hydrogen atom ab- 
straction by oxygen-centered radicals, XO., from ArOH 
and similar hindered phenols and for the reverse reactions 
between ArO. and XOH.26927729y33934 Nevertheless, to be on 
the safe side, we take k4 I A4 I lo8 M-l s-l, which yields 
k2 I 1.6 X lo7 M-ls-l and kl I 1 X lo5 s-l. In connection 
with this upper limit on k, for thermalized benzoyloxy 
radicals a t  55 OC in a hydrocarbon solvent we note that 
if the 308-nm photolysis of benzoyl peroxide gave benzo- 
yloxy radicals, these radicals have kl I lo8 s-l a t  room 
t e m p e r a t ~ r e . ' ~ ~ ? ~ ~  There can be no doubt that the ther- 
molysis and photolysis of benzoyl peroxide do not yield 
the same chemical species. 

Experimental Section 
Materials. Benzoyl peroxide, PBN, and ArOH were com- 

mercial materials that were purified by recrystallization before 
use. 4,4'-Dibenzoylbenzoyl peroxide was prepared by literature 
methods36 from 4-benzoylbenzoic acid (Aldrich) and was also 
purified by several recrystallizations, mp 161 "C, lit.19 mp 159-160 
"C. Freon 113 was purified by refluxing for a few hours over 
CaC03 and distillation. 

Kinetic EPR Procedures. A stock solution containing 0.03 
M benzoyl peroxide in Freon 113 was mixed, 3:5 (v/v), with a 
Freon 113 solution containing a known concentration of PBN in 
a quartz EPR tube. This solution was degassed on a high vacuum 
line by several freeze-thaw cycles, filled with nitrogen at  760 torr, 
sealed, and placed in a 55 "C water bath for ca. 5-10 s and then 
in the preheated (to 55 "C) cavity of a Varian E-104 EPR spec- 
trometer. Growth of the BA and PA signals was monitored by 
repetitive scanning of appropriate lines in their spectra and 
comparison of these spectra with those obtained by simulation 
for various BA/PA ratios. Absolute radical concentrations were 
determined by double integration followed by calibration against 
a solution containing a known concentration of the diphenyl- 
picrylhydrazyl free radical.37 The experiments with ArOH were 
carried out in essentially the same manner. 
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The novel base-induced coupling-condensation reaction2 
of aryl o-methylarenesulfonates and of o-methylarene- 
sulfonanilides has been extended to para-oriented ana- 
logues. 
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Having discarded several "anionic" mechanisms,2 and in- 
asmuch as a radical-coupling mechanism is precluded by 
the absence of symmetrical coupling products, a tentative 
but highly reasonable sequence for these coupling-con- 
densation reactions is a chain mechanism3 involving an 
electron-transfer step and radical and radical-anion in- 
termediates. 
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Experimental Section 
All reactions were carried out under nitrogen atmosphere. The 

IR spec t ra  were recorded on a Beckmann IR-33. The 60-MHz 
'H NMR spectra were recorded on a Varian A-60A spectrometer 
and the 90-MHz 'H NMR spectra on a Perkin-Elmer R32. The 
20-MHz 13C NMR spectra were recorded on a Varian CFT-20. 
All NMR chemical shift data are reported in ppm, employing 
tetramethylsilane (Me,Si, 6 0) as an internal standard. Mass 
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spectra were recorded on a Hitachi Perkin-Elmer RMU-6A. All 
melting points and boiling points are uncorrected. 

Lithium Diisopropylamide Induced Coupling-Conden- 
sation of N-Methyl-p-toluenesulfonanilide. The sulfonanilide 
was prepared by treating 21.4 g (0.2 mol) of N-methylaniline with 
19.0 g (0.1 mol) of p-toluenesulfonyl chloride. The product was 
recrystallized from methanol to  give 23 g (88%) of sulfonanilide: 
IR (KBr) 1345,1160 and 1140 cm-' (S02N); 'H NMR (CDCl,) 
2.40 (s, 3 H),  3.15 (s, 3 H), 7.00-7.60 (m, 9 H). Lithium diiso- 
propylamide (10 mmol) was generated from 4.35 mL of n-bu- 
tyllithium (2.3 M, 10 mmol) and 1.40 mL of diisopropylamine (10 
mmol) in 10 mL of dry T H F  at 0 "C. The sulfonanilide (2.60 g, 
10 mmol) was dissolved in 40 mL of dry THF and cooled to -72 
"C with an acetone-dry ice bath. The equimolar amount of 
lithium diisopropylamide was added via syringe while maintaining 
the temperature at -68 "C or lower. After 4 h, the reaction solution 
was allowed to warm to room temperature (ca. 40 min) and 
quenched by pouring onto a mixture of 100 g of ice and 10 mL 
of concentrated HC1. Ether was added, and the organic layer was 
separated, washed with an equal volume of water, and then treated 
with 75 mL of saturated aqueous NaHCO,. The precipitated 
sodium sulfinate was drawn off with aqueous solution, induced 
to completely crystallize by cooling, and isolated by filtration. 
Recrystallization from methanol-water gave 1.25 g (74%) of so- 
dium salt of 4-[(N-methyl-N-phenylamino)sulfonyl]-4'- 
sulfinobibenzyl, mp 247-249 "C. 

The methyl sulfone derivative was prepared by treating 1.20 
g (2.74 mmol) of the sodium sulfinate with an excess of methyl 
iodide (3 mL) and 1.0 g of anhydrous Na2S04 in 30 mL of absolute 
ethanol a t  room temperature for 1 week. The derivative was 
worked up and recrystallized from methanol: yield 1.05 g (85%); 
mp 108-109 "C; IR (KBr) 1340, 1170 and 1150 (S02N<), 1300 
and 1145 cm-' (SO,); 'H NMR (CDCl,) d 2.98 (s, 7 H), 3.12 (5, 

3 H), 6.85-7.50 (m, 11 H), 7.80 (d, 2 H); I3C NMR (CDCI,) 6 37.5 
(m), 38.5 (q), 45 (q), 127 (d), 127.5 (d), 127.8 (d), 128.5 (d), 129 
(d), 129.5 (d), 135 (s), 139 (s), 143.3 (s), 146.5 (s), 147.5 (9). 

The benzyl sulfone derivative was prepared by trcating 1.3 g 
(3 mmol) of the sodium sulfinate with 0.51 g (3 mmol) of benzyl 
bromide in 30 mL of absolute ethanol a t  room temperature ov- 
ernight. The derivative was collected by filtration and recrys- 
tallized from methanol: yield 1.20 g (88%); mp 157-158 "C; IR 
(KBr) 1330,1160 and 1140 (SO,N<), 1300 and 1140 cm-' (SO,); 
'H NMR (CDC1,) d 3.00 (9, 4 H), 3.18 (s, 3 H), 4.30 (s, 2 H), 
7.00-7.70 (m, 18 H); mass spectral data, m/e 505 (M'), 441, 377, 
376, 286, 197, 196, 181, 106, 91. 

Li thium Diisopropylamide Induced Coupling-Conden- 
sation of Phenyl  p-Toluenesulfonate. Phenyl p-toluene- 
sulfonate (7.44 g, 30 mmol; mp 94-95 "C, lit.4 mp 94-95 "C) was 
treated with an equimolar amount of lithium diisopropylamide 
(30 mmol) as described previously for the analogous sulfonamides 
to give 5.22 g (82%) of the sodium salt of 4-(phenoxy- 
sulfonyl)-4'-sulfinobibenzyl, mp 259-260 "C5 

The methyl sulfone derivative was prepared by treating 1.70 
g (4 mmol) of the sodium sulfinate with an excess of methyl iodide 
(2 ml) and 1.0 g of anhydrous Na2S04 in 30 mL of absolute ethanol 
at room temperature for 1 week. The derivative was worked up 
and recrystallized from methanol: yield 0.95 g (57%); mp 130-131 
"C; IR (KBr) 1360,1190 and 1170 (SO,), 1290 and 1135 cm-' (SO,); 
'H NMR (CDCl,) 6 2.98 (s, 7 H), 6.80-9.07 (m, 2 H), 7.15-7.35 
(m, 7 H), 7.68 (d, 2 H), 7.81 (d, 2 H); mass spectral data, m/e 416 
(M'), 323, 262, 183, 153, 108, 107, 94, 90. 

The benzyl sulfone derivative was prepared by treating 1.27 
g (3 mmol) of the sodium sulfinate with 0.513 g (3 mmol) of benzyl 
bromide and 1.0 g of anhydrous Na2S04 in 30 mL of absolute 
ethanol a t  room temperature overnight. The derivative was 
collected by filtration and recrystallized from methanol: yield 
1.30 g (88%); mp 171-172 "C; IR (KBr) 1360,1190 and 1170 (SO,), 
1300 and 1140 cm-' (SO,); 'H NMR (CDC1,) 6 3.00 (s, 4 H), 4.30 
(9, 2 H), 6.90-7.45 (m, 14 H), 7.55 (d, 2 H), 7.75 (d, 2 H); mass 
spectral data, m/e 474 (M+ - 18), 401, 399, 335, 183, 181, 91. 

(4) Otto, R. Ber. 1886, 19, 1833. 
(5) Phenyl o-toluenesulfonate was converted to its analogous cou- 

pling-condensation product by means of n-butyllithium: methyl sulfone 
derivative mp 116-1 18 "C; 2-hydroxy-3,5-dichlorobenzyl sulfone deriva- 
tive mp 173-175 "C. 
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We report a convenient synthesis for the title compound 
5. The potential mutagenicity and the peculiar properties 
of cyclopenta-annelated polycyclic aromatic hydrocarbons 
have brought increasing attention to such substances in 
recent Curiously, many compounds of this class 
have been mentioned in the chemical literature as the 
subjects of molecular orbital calculations or as suspected 
components of combustion effluents even prior to their 
availability through ~ynthesis.',~ Our need for samples 
of the title compound coupled with the absence of pub- 
lished procedures for its preparation prompted us to de- 
velop a reliable synthesis for this hydrocarbon. The only 
prior publication on the synthesis of acephenanthrylene 
is very brief and provides no experimental detai1s.l Herein 
we report the first detailed experimental procedure for 
preparation of acephenanthrylene. 

Scheme I outlines our synthesis of acephenanthrylene 
( 5 ) .  The old procedure of Fieser6 for cyclization of 4-(5- 
acenaphtheny1)butyric acid (1) to ketone 2 was replaced 
by a new one that uses Pz05 in methanesulfonic acid. 
Reduction of 2 with sodium borohydride yields alcohol 3, 
which can be dehydrated conveniently over acid-washed 
alumina. Dehydrogenation of the resulting tetrahydro- 
acephenanthrylene (4) with DDQ gives the fully unsatu- 
rated product 5. 

Experimental Section 
General Methods. Melting points were determined on a 

Thomas Hoover melting point apparatus and are uncorrected. 
'H NMR spectra (100-MHz) and 13C NMR spectra (25 MHz) were 
recorded on a JEOL FX 100 FT NMR. 'H NMR (60-MHz) 
spectra were recorded on an Hitachi Perkin-Elmer R-24B. 'H 
NMR spectra (500 MHz) were recorded at the University of 
California Medical Facility, Davis, CA. Chemical shifts are re- 
ported from tetramethylsilane on the d scale. Infrared spectra 
were recorded on a Perkin-Elmer 599 spectrophotometer. U1- 
traviolet and visible spectra were recorded with a Beckman Model 
25 spectrophotometer. Microanalysis were performed by Spang. 
4,5,7,8,9,1O-Hexahydroacephenanthrylen-7-one (2). To a 

mixture of P20, (15 g, 106 mmol) in CH3S03H (150 g, 1.6 mol) 
was added 10 g (42 mmol) of 4-(5-acenaphthenyl)butyric acid (1): 
The solution was stirred at room temperature for 6 h and then 
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