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Summary: Selenlum dloxlde fs depolymerlzed and acttvuted by trfmethylsllyl polyphos- 
phute in carbon tetmchtorlde. The reagent efectlvely aromatizes substiiuted cycIohexenes 
and cyc4ohexadfenes under mUd reactIon conditions. 

Six-membered alicyclic compounds can be aromatized through a sequence of dehydro- 

genatton reactions. The presence of one or more double bonds in the ring or a fusion to an 

aromatic ring facilitates the aromat.ization. ’ Hydrogenation catalysts such as platinum, 

palladium, and nickel along with elemental sulfur and selenium were used for this purpose. 
The use of these aromatizing agents in the synthesis of more complicated structures is limited 

by the harsh reaction conditions. and consequent impracticality of controlling the extent of 

dehydro@mation. Qufnones such as DDQ and choranfl are much milder than the elemental 
reagents and are widely used for the aromatizations of cyclohexenes. especially for those fused 

to an aromatic ring.l 

Although selenium dioxide’ has been used for some dehydrogenation reactions, the 

application was limited to the compounds like 1.2-diarylethanes and 1.4~diketones which yield 

conjugated diarylethenes and 2.3~unsaturated 1.4.diketones.’ An aromatization of simple 
alicyclic compounds to benzene or other polycyclic aromatic compounds has not been reported 

in the literature. 

We now wish to report that selenium dioxide mixed with trimethylsflyl polyphosphate 

(PPSEI’ in carbon tetrachloride is an excellent aromatizing reagent for cyclohexenes. The 
reagent effectively aromatizes many substituted cyclohexenes and produces the corresponding 
benzene derivatives in high yields. The reaction conditions are much milder than those 

required by the dehydrogenation not only withthe elemental dehydrogenaung agents but also 
with quinones like chloranil and DDQ. 

he 

SeOa - PPSE 

ccl,, Reflux -b 2 

The procedure for the aromatization of cycl&exene to benzene is representative. PPSE can 
prepared through the addition of phosphorus pentoxide (2 gl to hexamethyldisfloxane (5 

mL) in carbon tetrachloride (15 mLI according to the known procedure.’ Added selenium 
dioxide (1.2 gl was partially dissolved by the PPSE soluUon? Cyclohexene (5 mmol) was then 
added and the resulting reaction mixture was heated to reflwr. After 20 hours, the reaction 
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Table I. Aromatiz8tion ofcyclohexenea and RelatedcOmpouada 

with SeO~-PPSE in Refhm&j Carbon T- 

Entry Substrate Rati Reaction Product % Yleldb 
SeG,:substrate Time (hr) 

1 Cyclohexene 2.2 22 
2 I-methylcyclohexene 2.2 26 
3 3-methylcyclohexene 2.2 26 
4 1-phenylcyclohexene 2.2 15 

5 1.3-dimethylcyclohexene 2.2 20 

6 cyclohexene- 1 -carbonJtrJle 2.2 20 
7 cyclohexene- 1 -carboxylJc acid 2.2 18 

6 I-chlorocyclohexene 2.3 20 

9 1,3cyclohexadJene 1.4 18 

10 a-terpinene 1.5 20 

11 y-terpinene 1.4 21 

12 1.2-dihydronaphthalene 1.4 20 

13 1,2,3,4-tetrahydronaphthalene 2.5 30 

14 9, IO-dihydrophenanthrene 1.5 48 

benzene 

toluene 
toluene 

biphenyl 
m-xylene 

benzonitrile 

bensoic acid 

chlorobenzene 
benzene 

p-cymene 
p-cymene 

naphthalene 

95 

96 

96 

99 

97 

90 

80 

91 

99 
100 

99 
89 

W 

V 

a 1.2 equivalents of SeG, and 10 mm01 of PPSE solution in Ccl, were employed for each 

degree of unsaturation introduced. b. yields were determined by CC using an internal 

standard method. Reaction conditions were not optJmJzed. c. No reaction. The startJng 
material was recovered quantitatively. 

mixture was poured into saturated sodium carbonate solution and the organic layer was 

separated. Toluene was added as an internal standard, and the mixture was analyzed by a 20 

meter HP1 capillary column on a HP 5860A Gas Chromatograph. Benzene was produced in 

better than 95% yield. 

Other substituted cyclohexenes and cyclohexadienes were aromatized in excellent yields 
under similar reaction conditions. The results are summa&ed in Table I. Both l-methyl- 
cyclohexene and 3-methylcyclohexene produced toluene in near quantitative yields (entry 2 

and 3). I-Phenylcyclohexene was similarly aromatized to biphenyl (entry 4). 1,3-Dimethyl- 

cyclohexenes were converted into m-xylene (entry 5). Halogen, cyano, and carboxyl groups 
survived under the reaction conditions.’ Cyclohexenks bearing these substituents yielded the 

corresponding benzene derivatives in good yields (entry 6-8). 
Cyclohexadienes and substituted cyclohexadienes also aromatized in excellent yields. 

The reaction requires only one half the reagent needed for cyclohexenes. 1,3CyclohexadJene 

was easily aromatized to benzene (entry 91, while a- and y-terpinene produced p-cymene in 
good yields (entry 10 and 11). Neither rearrangement of the carbon skeleton nor any oxidation 
of the side chain was observed at all.’ 

The aromatization obviously took place through sequential Jntroductlon of the double 
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bonds !n conJugat!on w!th the ex!st!ng one. Cyclohexene was not converted to benzene after 

days of reflwing w!th either selenium d!oxlde or PPSE alone !n carbon tetrachlor!de. The 

aromat!zat!on took place only when selenium d!ox!de and PPSE were combined. Selen!um 

d!ox!de must have been activated by PPSE to be an effect!ve aromat!z!ng reagent. Based on 

our earl!er &dings.* the act!vat!on !s believed to be a depolymer!zat!on l!near polymer of the 

selenium d!ox!de (selenous anhydride). Monomeric selenium d!ox!de is believed to be inserted 
into the &icon-oxygen or phosphorus-oxygen bonds of hImethyls!@! polyphosphate, forming 
at least one m!xed anhydride unit? The activated selenium d!ox!de (m!xed anhydr!de w!th 

PPSE) seems to serve as an act!ve aromatization reagent. 

999 seop 8 9 9 - or TMSC3 sCW-W’-CF- 

0 
TMS ?lWS&S T&c! L 

PPSE 

The dehydrogenatlon by the present selenium reagent !s believed to proceed through 

several steps. The !n!t!a! step is the ene reaction of cyclohexene with the act!vated selenfum 

reagent like selenenk ac!d does !n aqueous media.’ DehydraUon follows to produce 2- 

cyclohexeneselenlte as an intermediate. The intermediate selenite undergoes selenox!de type 
el!m!naUon to complete the dehydrogenatlon. Although further investigation on the 

mechanism needs to be done. selenox!de type el!m!nat!on route !s preferred at the present 

time. S!m!lar selenox!de type syn el!m!naUon was claimed !n the dehydrogenatlon of ketones 
to the corresponding conJugated enones. lo An aUyl!c ox!dat!on of cyclohexene to P-cyclohexenol 

followed by simple @el!m!nat!on seems less probable. On reaction with selenium d!ox!de- 

PPSE,” .2-cyclohexenol and 1,2.3,4-tetrahydro- I-naphthol undergo aromat!z.at!on very slowly 

and produced benzene and naphtbalene !n much poorer y!elds than d!d cyclohexene and I 
1,2d!hydronaphthalene. 

* 
\ Q OH - / 
po/sexoP 9- Q/OP 

8 

e 

Hfl 

\ 0 0 

P = polyphosphoric acid residue 

Most of the cyclohexenes and cyclohejladienes tested were aromat!zed e!%ct!vely by 

selenium d!ox!de-PPSE in bofling carbon tetrachloride. Not only the yields of the aromat.!zed 
compounds are higher, but also the reaction conditions are m!!der compared w!th the other 
known reagents . The reaction !s characteristic !n that cyc!ohexanes fused to an aromat!c ring 
were not aromatized. Unl!ke 1.2~d!hydronaphtha!ene (entry 11 I, 1.2.3.4-tetrabydronaphthalene 
and 9.10-dlhydrophenanthrene were recovered unreacted after prolonged react!on w!th the 

reagent (entry 12. 131.‘* Further study on the appl!cat!on of this reagent !s !n progress. 
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11. PPSE is a powerful dehydrating agent for oximes and amides. Alcohols are converted to 
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12. The faihrre of aromatization of these compounds is probably due to the absence of the 
oletlnic double bond which is essential ,for the initial ene reaction. 
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