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Figure 1. Composition during initial stages of a 30 O C  reaction of 
HCHO with 1 in methanol, K2C03 catalysis (as in Experimental 
Section). Data taken from 13C NMR methyl signal intensities. (@ - @) 
1; (A - - - A) 2; (x - - - x) 4. Methacrylophenone (3), present at a low 
(ca. 10-15%) equilibrium concentration, is not shown. 

mmol) of propiophenone, and 750 mg (5.4 mmol) of potassium car- 
bonate was stirred in 39 mL of methanol for 6 days at room temper- 
ature. Proton NMR (60 MHZ) showed a mixture which could be in- 
tegrated for 10-15 mol % of 3. Carbon NMR spectroscopy showed 2 
and 4 to be present in the ratio of 1:15 compared to 1:4 after only 3 
days. The solvent was removed in vacuo without applied heat, and 
the residual oil was taken up in benzene, washed with water, and dried 
over sodium sulfate. Fractional distillation gave 6.1 g (55%) of pure 
8: bp 75 O C  (0.1 mm); 60-MHz lH NMR (CDC13) 6 1.2 (d, 3, CH3-C), 
3.25 (s,3,CH30),3.35-3.95 (m,3,CH,CH2),7.2-8.15 (m,5,ar);mass 
spectrum mle (re1 intensity) 178 (M+, 5), 163 (3), 146 (25), 136 (16), 
105 (loo), 77 (74). GC assay showed ca. 16% more of 4 distributed 
between the forerun (60% pure) and the pot residue. 

Anal. Calcd for CllH1402 (178.2): C, 74.13; H, 7.92. Found: C, 74.19; 
H, 8.24. 

13C Incorporation Experiment. To a solution of 107 mg of 4 di- 
luted to 0.3 mL with 9 1  MeOHH20 saturated with K2CO3 was added 
11 pL of 20% aqueous formaldehyde, 90% 13C. The resulting solution 
was stored at ambient temperature and observed by 13C NMR spec- 
troscopy periodically. After 3 weeks, the CH2 signal had doubled, 
indicating ca. 1% 13C incorporation. Cannizzaro reaction products 
were evident, as was 5 (see text). 

After 8 weeks, incorporation was measured at ca. 1.7%. The solution 
was worked up and analyzed by gas chromatography-mass spec- 
troscopy, giving values of 1.4-296 13C incorporation, based on ratios 
of M+ to M+ + 1 ions of both 3 and 4. GC-MS analysis of a trimeth- 
ylsilylated sample also showed a substance: mle (re1 intensity) 280 
(M+, 5), 265 (ll), 215 (83), 179 (78), 173 (51), 135 (58), 105 (loo), 77 
(821, which we consider as further evidence for 5 [C12H150&3i(CH3)3, 
mol wt 2801. 

Acknowledgment. Thanks are due to Patricia Cala for the 
mass spectral experiments, and to  Robert Reamer for some 
of the  NMR measurements. 

Registry No.-1 (Ar = Ph), 93-55-0; 3 (Ar = Ph), 769-60-8; 4 (Ar 
= Ph), 62509-81-3; 5,62509-82-4; 5 Me& ether, 62509-83-5; form- 
aldehyde, 50-00-0. 
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[3.3]Paracyclophane (1) is a pivotal structure among the 
[rn.rn]paracyclophanes. It is intermediate in ring size between 
[2,2]paracyclophane, where ring strain and transannular ef- 
fects are pronounced, and [4.4]paracyclophane, where these 
effects are absent.’ While some chemical and physical studies 
of 1 have been reported,lT2 i t  has been much less studied than, 
for example, the more readily available3 [2.2] paracyclophane. 
Chemical transformations for which the ring size in 1 is par- 
ticularly suited have been neglected because this ring system 
is not easily accessible. Of the three reported syntheses of 1, 
the first4 utilizes 1,3-diphenylpropane as starting material, 
involves an acyloin ring closure, and gives the final product 
in an overall yield of about 0.1%. Two more recent and im- 
proved syntheses utilize diazomethane5 or solvolytic6 ring 
expansion routes from [2.2]paracyclophane, itself prepared 
in low yield (10%) by the most convenient method? and pro- 
vide 1 in overall yields of 7-19%, the latter involving prepar- 
ative GLC isolation. 

Our interest7 in novel structures derivable from 1 necessi- 
tated a synthetically less expensive route to  this compound. 
We now report for 1 a new synthesis which is particularly 
convenient and which does not require at any stage the use of 
special separation procedures. 

Treatment of p- bis(2-hydroxyethyl)benzene* with 48% 
hydrobromic acid gives the corresponding dibromide 2 in 72% 
yield. Addition of a dilute solution of 2 and p-xylene-a,a’- 
dithiol (3) in benzene to hot alcoholic potassium hydroxide 
affords 2,13-dithia[4.4]paracyclophane (4) and 2,13,22,33- 
tetrathia[4.4.4.4]paracyclophane (5) in yields of 39 and 6%, 
respectively. The yields in this reaction have not been opti- 
mized; higher dilution conditions than we employed would 
likely increase the ratio of 4 to  5. Oxidation of 4 with 30% hy- 
drogen peroxide provides the disulfone 6 quantitatively. The 
disulfone on pyrolysis a t  470 O C  under diminished pressure 
gives essentially pure 1 (94%) as a cold t rap condensate. The  
pyrolysis requires rather simple apparatus, proceeds to  
completion in a matter of seconds on a 100-mg scale, and can 
be done repetitively to yield appreciable quantities of 1 in a 
short time. 

Ring contraction by sulfone pyrolysis has been used to ad- 
vantage by othersS1l for the preparation of bridged aromatic 
compounds. In virtually all cases, however, the sulfones have 
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been of the dibenzyl type, affording two-carbon bridges.12 It 
is somewhat surprising in retrospect that the three-carbon 
bridge in 1 is formed so efficiently from an aliphaticmenzyl 
sulfone where the intermediate aliphatic free radical 
(ArCH2CHy) might be expected to suffer disproportionation 
rea~ti0ns.l~ 

Having established for the first time that three-carbon 
bridged cyclophanes may be produced by sulfone pyrolysis, 
derivatives of 1 not easily obtained from the hydrocarbon itself 
may now be accessible by suitable modifications of 2 and 3. 

Experimental Section 
p-Bis(2-bromoethy1)benzene (2). The procedure given here is 

more convenient than the reported14 one which involves a sealed tube 
reaction. A mixture of p -  bis(2-hydroxyethyl)benzenes (4.0 g, 24 
mmol), 48% HBr (12.5 mLJ, and concentrated HzS04 (2.5 mL) was 
heated at the reflux temperature for 24 h and then diluted with water. 
The precipitate of dibromide was crystallized from EtOH to give white 
needles: yield 5.0 g (72%); mp 70-71 OC (lit.14 mp 72-73 "C); lH NMR 
(CDC13) 8 3.14 (m, 4 H), 3.55 (m, 4 H), 7.17 (s, 4 H). 
2,13-Dithia[4.4]paracyclophane (4). A solution of 2 (5.63 g, 19.2 

mmol) and commercial p-xylene-a,a'-dithiol (3.27 g, 19.2 mmol) in 
1 L of benzene was added dropwise over 70 h to a refluxing solution 
of 4.5 g of KOH in 1 L of 90% EtOH. This addition was carried out 
under nitrogen and with vigorous stirring. After an additional 2 h at  
the reflux temperature, the mixture was cooled and solvents were 
removed under diminished pressure. The resulting yellow gum was 
triturated with Cc4 at  room temperature. The extracts were treated 
with charcoal, the solvent was removed, and the resulting solid was 
crystallized from EtOH to give 4: yield (two crops) 2.24 g (39%); mp 

(s,8 H); MS mle (re1 intensity) 300 (100, M+). 
Anal. Calcd for C~SH&Z: C, 71.94; H, 6.70; S, 21.34. Found: C, 71.84; 

H, 6.71; S, 21.22. 
2,13,22,33-Tetrathia[4.4.4.4]paracyclophane (5). In a reaction 

identical in all respects with the one described above, the crude re- 
action mixture was subjected to column chromatography on alumina 
(Cc1.d. This gave first 4 (39%) followed by 5 which was crystallized 
from CHCls-hexane: yield 0.36 g (6%); mp 135-135.5 "C; lH NMR 
(CDC13)d2.57(broads,16H),3.67(~,8H),6.88(~,8H),7.22(~,8€~);  
MS rnle (re1 intensity) 600 (100, M+). 

182-182.5 "C; 'H NMR (CDC13) 8 2.70 (AzBz, 8 H), 3.35 (~,4 H), 6.70 

Anal. Calcd for C&&4: C, 71.94; H, 6.70; S, 21.34. Found: C, 71.84; 
H, 6.66; S. 21.17. 
2,13-Dithia[4.4]paracyclophane 2,2,13,13-Tetroxide (6). A so- 

lution of 4 (0.22 g, 0.73 mmol) and 30% HzOz (9 mL) in xylene-acetic 
acid (2:1,45 mL) was heated with stirring at  80 OC for 5 h. The mixture 
was concentrated under reduced pressure (caution!) and 50 mL of 
ether was added to precipitate the disulfone 6. This was washed well 
with ether to give a white powder, highly electrostatic and insoluble 
in common solvents, yield 0.26 g (97%) decomposition temperature 
above 340 "C. This material was used for the pyrolysis described 

below. IR (KBr) 1300 cm-l (-Sop); MS mle (re1 intensity) 364 (4, 

[ 3.3lParacyclophane (I). The pyrolysis apparatus consisted of 
a hinged horizontal cylindrical furnace of the combustion tube type 
and a 25 X 1.5 cm Pyrex combustion tube sealed at  one end and con- 
nected to a vacuum pump through a U-tube trap held at -77 OC. The 
U-tube contained a loose cotton plug to help trap condensate and was 
positioned as close as possible to the exit end of the furnace. The py- 
rolysis tube and cold trap assembly was so supported to allow some 
motion of the tube along the furnace length. Disulfone 6 (92 mg, 0.25 
mmol) was placed at  the sealed end of the pyrolysis tube, the system 
pressure reduced to 0.1 mm, and then the tube placed in the furnace 
(preheated to 470 "C) such that the sample end protruded outside the 
furnace. After several minutes, the sample end of the tube was pulled 
fully into the heating zone. Pyrolysis occurred immediately, was 
complete within 45 s, and provided an off-white solid in the cold trap. 
The content of the trap was washed out with CHC13, and the solvent 
removed to give essentially pure 1 yield 56 mg (94%). The NMR 
spectrum shows no contaminant and fully agrees, as does the MS, with 
the reported' values. A portion of the pyrolysate was crystallized from 
EtOH, mp 104.5-105.5 OC (lit.5 mp 105-105.5 OC). 

Registry No.-1, 2913-24-8; 2,4542-72-7; 3, 105-09-9; 4, 62587- 
08-0; 5, 62587-09-1; 6, 62587-10-4; p -  bis(2-hydroxyethyl)benzene, 
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It has long been known that thermal 1,5-sigmatropic hy- 
drogen migrations occur quite readily,2 particularly in 
seven-membered ring  system^.^^^ While much work has been 
done on tropilidene (and substituted tropilidines) and on 
benzotropilidene (and substituted derivatives) there is a no- 
table paucity of work on these migrations in 1,2,5,6-dibenzo- 
tropilidene (5H-dibenzo[a,d]cycloheptene, 1). In an earlier 
publication in which we reported the pyrolytic conversion of 
1 into anthracene and 9-methy1anthracenes we suggested that 
the initial step involved a 1,5-sigmatropic hydrogen migration 
to produce 2 which then gave the observed products. The only 


