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Experimental Sectionlo 
1-Fluoro-2-methylnaphthalene (5). Diazotization of l-amino- 

2-methylnaphthalene1' and conversion into the diazonium hexaflu- 
orophosphate were carried out as de~cribed.~ Pyrolysis at 170-180 "C 
in mineral oil for :30 min afforded crude 5, which on redistillation af- 
forded 63% of twice distilled 5, bp 62 "C at 0.5 mm.8 

Reaction of 5 with Benzalaniline (4). A mixture of 1.6 g of 5,1.8 
g of 4,2.8 g of t-BuOK, and 15 mL of DMF was heated at 95 & 3 "C 
for 90 min, cooled, and added to 150 mL of 10% HC1. The organic 
product, isolated as usual, was dissolved in 20 mL of ethanol. On 
cooling, a colorless solid separated and was recrystallized from ben- 
zene-petroleum ether (30-60 "C) to yield 420 mg (18%) of 7, mp 
167-168 OC: MS mle 321;12 NMR [(CHS)*Si, CHC131 6 5.65 (9, 1, NH, 
exchanged by DzO), 6.51-8.18 (m, 18, ArH, CH=CH). Further crys- 
tallization of the material in the mother liequor from benzene-pe- 
troleum ether (30-60 "C) afforded 100 mg (3%) of colorless 6, mp 
164-165 "C, giving blue fluorescence in benzene: MS mle 321; NMR 

-15 Hz), 5.15 (4, 1, Jac = -4 Hz, Jab = -10 Hz), 6.78-7.95 (m, 16, 
ArH). Anal. Calcd for C24H19N: C, 89.7; H, 5.9; N, 4.4. Found: C, 90.2; 
H, 5.9; N, 4.0. 

Alkaline extraction of the material remaining in the mother liquor 
followed by acidification of the extract and crystallization from 
benzene-petroleum ether (30-60 ") afforded 200 mg (7%) of 8: mp 
150.5-151.5 "C; MS m/e 246;12 NMR 5.56 (9, 1, OH exchangeable with 
DzO), 6.90-8.23 (m, 13 H, ArH, CH=CH). Anal. Calcd for C18H140: 
C, 87.8; H, 5.7. Found: C, 88.2; H, 5.8. 

After heating a solution of 0.25 g of 1, prepared as described3 with 
0.09 g of aniline and 1.1 g of t-BuOK in 10 mL of DMF for 12 h at 
100-110 "C, most (85%) of the 1 was recovered, and no trace of 6 or 
7 was found using TLC (neutral alumina). 

trans-1-( l-Bromo-2-naphthyl)-2-phenylethylene (9). A mix- 
ture of 4.4 g of l-brom0-2-methylnaphthalne,~~ 3.6 g of 4,4.5 g of t -  
BuOK, and 80 mL of DMF was heated at 95 "C for 1 h, cooled, and 
poured into 120 mL of 10% HC1. On crystallization from ethanol of 
the organic products, isolated as usual, there was obtained 3.6 g (58%) 
of 9: mp 115-116 "C (lit.13 mp 121-122 "C); MS m/e 308, 310.12 

1-( o-Fluoropheny1)-2-phenylethylene (10). In a Siegrist reaction 

2.98 (q,I ,  J a c ,  -4 HZ, J b c  = -15 HZ), 4.06 (q, 1, Jab = -10 HZ, J b c  = 

similar to those described above (1 h at 95 "C), o-fluorotoluene was 
converted in 28% yield into 10: mp 103.0-103.5 "C, MS mle 198.12 
Anal. Calcd for C1dH11F: C, 84.8; H, 5.6; F, 9.6. Found: C, 84.7, H, 5.5; 
F, 9.6. 

The mother liquor on evaporating to dryness gave an impure oil 
(several spots on TLC) containing nitrogen but no fluorine on ele- 
mental analysis. No further attempt was made to purify it. 

Registry No.-4, 538-51-2; 5, 573-99-9; 6,64345-68-2; 7, 64345- 
71-7; 8,64345-70-6; 9,27854-69-9; 10,64345-69-3; 1-bromo-2-meth- 
ylnaphthalene, 2586-62-1; o-fluorotoluene, 95-52-3. 
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Thermal Reaction between 
5-Methylene- 1,3-cyclohexadiene and Styrene' 

Summary: At  80 "C 5-methylene-1,3-cyclohexadiene reacts 
rapidly, t 1 / 2  - ti min, with styrene to produce a 3:l mixture of 
1,2- and 1,3-diphenylpropane in 90% yield. T h e  triene does 
not initiate the polymerization of styrene. 

Sir: T h e  proposal2 tha t  the monoradical forming step in the 
thermal polymerization of styrene involves hydrogen atom 
transfer from a preformed dimer 1 t o  styrene (Scheme I) has 
received considerable   up port.^ Isolation of 1 has not been 

Scheme I 

Ph bh 

1. 

accomplished yet, but an analogue 2 has been prepared and 
shown to initiate the polymerization of styrene.* 

'Ph 

1 a 
In another a t tempt  to  verify some of the chemistry attrib- 

uted t o  1 the  corresponding parent triene, 5-methylene-1,3- 
cyclohexadiene (3), has been prepared and some of its reac- 
tions studied. The preparation of 3 by thermolysis of an ester 
has been reported alreadya5 T h e  search for a compound tha t  
might decompose at a much lower temperature and allow 3 
t o  be generated slowly in styrene solution led to  the alternate 
synthesis shown in Scheme 11. Itaconic anhydride and a- 
pyrone were heated under NQ in toluene a t  90 "C for 65 h to  
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form the adduct 4>17 mp 144-146 "C, 27%. Electrolysis9 of 4 
produced 5: mp 11-14 "C, 45%. 

The rate of thermolysis of 5 is great enough, at 60 "C k l  - 
2.5 X sm1,l0 so that thermolysis of a -10-1 M solution of 
5 in styrene should result in formation of radicals at  a rate 
greater than the thermal rate of formation of radicals in sty- 
rene, a t  60 "C k ,  = 1.3 X mol L-I s-l,ll if hydrogen atom 
transfer from 3 to styrene were efficient. However, after 
heating styrene containing 0.1 M 5 at 80 "C for 2 h only 80% 
as much of a less crystalline polymer was isolated by precipi- 
tation with ethanol as was isolated from control runs. Evap- 
oration of styrene under vacuum left <5% more residue, after 
correction for remaining 5, than was left in control runs. Thus, 
5 appears to act only as a chain transfer agent and not as an 
initiator. 

Injection of ether solutions of 5 into a gas chromatograph 
(GC) produced 65% 3,5% toluene, and a trace of benzene.12 
Pure (GC) 3l3 was trapped from the effluent of the GC. Re- 
actions of 3 that were studied are shown in Scheme 111. It  is 
quite stable in the absence of oxygen or acid. 

M solution of 3 is indefi- 
nitely stable a t  20 "C and a t  60 "C 3 is slowly isomerized to 
toluene, t 112 - 130 h. Rapid isomerization, t 112 = 23 min, of 3 
to toluene occurred in a cyclohexane solution containing loF4 
M 3 and 5 X M C1,3CC02H at 20 "C. Atmospheric oxygen 
slowly oxidizes 3 to benzyl hydr~peroxide. '~ Photolysis ( A  > 
2800 nm) of 3 in cyclohexane produced toluene as the major 
product. Treatment of 3 with tetracyanoethylene (TCNE) 
resulted in a rapid reaction to form the ene adduct 66315 as the 
only detectable adduct. Thermolysis of 5 in the presence of 
TCNE also formed 6. 

At 80 "C there is a rapid reaction, t 1 / 2  - 6 min, between 3 
and styrene to form 7 and 8 in a 3:l ratio in 90% total yield. 
About 5-8% toluene is formed also. No extra polymer is 
formed in styrene containing 2 X lod3 M 3 after 12 min at  80 
"C when 60-70% of 3 is consumed. Hydrogen atom transfer 
from 3 to styrene followed by coupling of the resulting benzyl 
and 1-phenylethyl radicals could be the route by which 7 is 
formed, but such a simple radical route to 8 is not available. 
Also, the lack of formation of extra polymer indicates that if 
radicals are formed they must all be consumed by coupling 
and disproportionation before addition to styrene can occur. 

In degassed cyclohexane a 

0022-3263/78/1943-0526$01.00/0 

Communications 

It is unlikely that this would happen. Both 7 and 8 can be 
formed by a concerted ene reaction.16 Reaction of unsym- 
metrical enophiles with alkenes has been shown to produce 
mixtures of products." 

The experiments reported here provide no evidence that 
3 can function as an initiator of styrene polymerization. In this 
respect the behavior of 3 is quite different from that attributed 
to 1 and found for the synthetic analogue 'L4 Isolation of a 
trimer corresponding to the coupling product of the radicals 
shown in Scheme 118 indicates that 1 and 3 may have one re- 
action with styrene in common. 

A careful kinetic study also has shown that 3, prepared by 
an independent route, does not initiate the polymerization of 
styrene.19 
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Radical Production from the Interaction of 
Closed-Shell Molecules. 5. The Chemistry 
of Methylenecyclohexadiene' 

Summary:  5-Methylene-l,3-~yclohexadiene (MCH) has been 
studied as a model for the Diels-Alder dimer of styrene (AH), 
which is postulated to be involved in radical production in the 
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