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Alkylphenols in the presence  of H2SO4, especial ly at high t empera tu res ,  undergo isomerizat ion,  t r ans -  
alkylation, and dealkylation [1]. We found that t ransalkylat ion occurs  when conc. H2SO 4 is added to a benzene 
solution of 3 ,6 -d i - t e r t -bu ty lpyroca techo l  (I) at ~ 20~ !o give p-di - ter t -butylbenzene (II) is 92% yield. The 
close process  for the transbutylation of aromat ic  compounds by ter t-butylphenols to give mono- ter t -butyl  de r i -  
vatives is also real ized when catalyzed by metal salts (AICI3, SnC14, etc. ) and can be explained by the r e v e r s -  
ibility of F r i e d e l - C r a f t s  alkylation [2]. Usually the dealkylation of ter t -butylphenols ,  catalyzed by H2SO 4, 
proceeds at elevated tempera tures  [1]. Moreover ,  one of the methods for obtaining the indicated phenols is 
the alkylation of phenol and its homologs with isobutylene in benzene medium in the presence  of H2SO 4 [3], in 
which connection the formation of alkylbenzenes was not observed here.  

Stratification occurs  when H2SO 4 is added to a benzene solution of (I). Chromatographic analysis of the 
upper color less  layer  7 h af ter  mixing the reactants  reveals  that the s tar t ing (I) and other alkylpyrocatechols 
are  absent,  and only hydrocarbon (II) was isolated as the sole product.  Pyrocatechol  was detected in the lower 
light brown layer  af ter  dilution with water  and neutralization. 

It is natural  to assume that the observed transbutylat ion is real ized via the arenoninm ion (III), which 
is formed by the protonation of (I). Ion (III) is apparently solvated by benzene. 
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Here and subsequently R = C(CH3)3. 

In contras t  to the data given in [2], the formation of mono- ter t -butylbenzene was not observed.  Ion (III) 
is probably most f i rmly  bonded in the complex with one benzene molecule,  and after  t r ans fe r  of the f i rs t  t e r t -  
butyl group the reorganizat ion of the complex via exchange of the ligand with the solvate shell does not occur.  
It is also essential  that the s ter ic  situation when forming the t ransi t ion state for t r ans fe r  of the alkyl groups 
apparently shows little change when compared with the s tar t ing complex. The role of s ter ic  factors  in t r ans -  
alkylation reactions is also indicated by the data that were obtained when the transbutylat ion is run in the 
binary benzene - to luene  mixture (20:1), whose total basici ty  when compared with that of pure benzene is only 
slightly g rea te r  and does not affect the convers ion rate of (I) (the react ion is completed in the same t ime as in 
benzene). Despite the g rea te r  basic i ty  of toluene, the sole product in the hydrocarbon fract ion also proved to 

be (II). 

In o rder  to establish the effect of the basic i ty  of the aromat ic  acceptor  of the te r t -buty l  group we made 
a study of the transbutytat ion process  in toluene, xylene, and halobenzenes.  Reaction in toluene leads to the 
formation of 1 -methy l -4 - te r t -bu ty lbenzene ,  but the rate of this p rocess  is s lower than in benzene. The com-  
plete conversion of (I) with the same rat ios of the reactants  is real ized in 2 days (and not in severa l  hours as 
when benzene is used). On going to m-xylene the transbutylat ion process  is slowed up even more.  In this 
sys tem dimethyl - ter t -butylbenzene is formed in 15% yield in 10 days. 
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A retardation of the transbutylation process in the order: benzene > toluene > xylene, which corresponds 

to an increase in the basicity, can be explained by an increase in the ability of the solvent to protonate in this 
order, which naturally leads to a decrease in the equilibrium concentration of the (Ill) ion. The effect of the 
steric factors is apparently less important, since transbutylation in the system (I) - H2SO 4 - C6HsHal (Hal = CI, 

Br) is practically as fast as in benzene; the corresponding p-halo-tert-butylbenzenes are formed in ~ 100% 

yields. The addition to the (1)-H2SO4-benzene system of additives that increase its basicity, for example 
phenol, inhibit or even completely suppress the transbutylation process. 

In view of these data it becomes understandable why alkylbenzenes are not formed when sterically hin- 
dered phenols are synthesized by the alkyiation of phenol with isobutylene in benzene in the presence of H2SO 4. 
The role of bases, which inhibit transalkylation in this system, are apparently played by phenol and isobutyl- 
ene. 

Finally, it should be mentioned that hydroxyaromatic compounds are ambident bases, which are capable 
of protonation both at the aromatic ring and at the oxygen center. Transbutylation involving (1) is accomplished 
via the C-protonated form. A shift toward O-protonation should inhibit (or even suppress) transfer of the tert- 
butyl groups to the aromatic hydrocarbon. This case is realized when cyclic ethers of pyrocatechol, for ex- 
ample 2,2-dimethyl-4, 7-di-tert-butyl-i, 3-benz-dioxolane (IV), are used. 
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Actually, in the system: (IV)-H2SO4-benzene (under analogous tempera ture  conditions) the degree  of t r a n s -  
butylation is slight for severa l  days. It is interest ing to mention that a maximum at ;~ 230 nm (which is absent 
in the spec t rum of (IV) in hexane) appears in the UV spec t rum of (IV) in H2SO 4, which is cha rac te r i s t i c  for  the 
O-protonated forms of hydroxyaromat ic  compounds [4]. 

Analogous results  were obtained when 3, 5-d i - te r t -buty lpyroca techol  (V) and the mono- te r t -bu ty lpyroca te -  
chols were used as the donors of the ter t -butyl  group. The isomeriza t ion of (I) to (V) is also usually observed 
when (I) is used. 

Naturally,  the possibil i ty of real izing transbutylat ion should also depend on the basic i ty  of the employed 
ter t -butyl -subst i tu ted pyrocatechol ,  which is determined by the nature of the substituents in its molecule. For  
example, 5 ,6 -d ib romo-3- t e r t -bu ty lpyroca techo l  does not enter into the transbutylat ion reaction in benzene in 
the presence  of H2SO 4. 

E X P E R I M E N T A L  

All of the experiments were run with a constant rat io of the reactants:  Toa0 .005M solution of the sub- 
stituted pyrocatechol  in 50 ml of the ArH was added 1 ml of H2SO 4. The completeness of debutylation was 
checked by TLC on Silufol UV-254 in the system: 6:1 h e x a n e - e t h e r .  The hydrocarbon fract ion was repeatedly 
washed with water  and dried: the solvent was evaporated. The PMR spect ra  were recorded  on a Varian MAT 
CH-6 spec t romete r  (60 MHz) in CC14 solution. 

1 ,4 -Di - te r t -bu ty lbenzene  (II) (solvent = benzene or  a 20:1 benzene- to luene  mixture),  mp 77-78 ~ (hexane). 
PMR spec t rum (5, ppm): 1.3 s (9H), 5,8 s (2H). 

1-MethyI-4- te r t -buty lbenzene  (solvent = toluene), 87% yield (purified by chromatography;  react ion tim. e 
2 days). PMR spec t rum (6, ppm): 1.27 s (9H), 2.27 s (3H), 7.0 m (4H). 

1 ,3 -Dimethy l -5- te r t -bu ty lbenzene  (solvent = m-xylene),  15% yield (after 10 days). PMR spec t rum (6, 
ppm): 1.52 s (3H), 2.54 s (2H), 7.17 m (1H). Pyrocatechol  (V), identified by compar ing with an authentic spec -  
imen, was isolated in 80% yield. 

4 -Ch lo ro - l - t e r t -bu ty lbenzene  (solvent = chlorobenzene),  90% yield, bp 216~ 

4 - B r o m o - l - t e r t - b u t y l b e n z e n e  (solvent = bromobenzene) ,  90% yield, bp 232 ~ 
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CONCLUSIONS 

i. The transbutylation of the aromatic substrate takes place in the system 3,6-di-tert-butylpyrocate- 
chol-H2SO4 - aromatic hydrocarbon. 

2. The efficiency of transbutylation depends on the basicity of the aromatic hydrocarbon and on the 
presence in the system of bases that are capable of acting as competitive proton binders. 
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1,1,9-Trichloro-l-nonene (I) is easily obtained by the catalytic dehydrochlorination of i, 1, i, 9-tetra- 
chlorononane, the telomerization product of ethylene with CCI 4 [i]. We found that (1) can serve as a conve- 
nient starting compound in the synthesis of 8Z-l-dodecenyl acetate (If) (sex pheromone of Grapholitamolesta) 
and 9Z-l-tetradecenal (III) (sex pheromone 0f.Heliothis viresceus). It provedthat the conversion of c~,~-di- 
chloroalkenes RCH =CCI 2 by treatment with R' Li in RC ~ CLi [2] is applicable to (1) and leads in high yield 
to CI(CH2)TC =-CLi (IV) without involving the single chlorine atom. Employing this reaction, we synthesized 
(II) from (1) by the following scheme: 

ether n-CsttTBr 
CI(CH2)~CH=CC12-~ 2n-CaH~Li > CI(CH2)TC~CLi > 

THF HMPA (I) (iv) 
CKacooK 

n-C~H~C~-~C(CH~)~C] ~- n-CaH~C~C(CH2)TBr CIt,COOH 

H H 

~ \ C = C /  > CsH-C~-~C(CHa)vOCOCtta - - ~  
' P d  / \ 

(V) CH~(CH~),, (II) (CH2)~0COCH3 

The treatment of (I) with two moles of n-C3HTLi in an ether-THF mixture gives acetylide (IV), which, 
without isolation, when treated with excess n-propyl bromide in HMPA leads in good yield to a mixture of the 
l-chloro- and 8-bromo-dedecynes. This mixture when treated with potassium acetate quantitatively gives l- 
acetoxy-S-dodecyne (V), which when hydrogenated over Lindlar catalyst gives the pure 8Z-l-dedecenyl ace- 

tate (II) 

9Z-i-Tetradecenal was synthesized from (I) by the following scheme: 

ether n-C&~IgBr 
(I) ~-2n-C4HgLi ~ (IV) HMPA> 

NaCN 
---> CHa(CH2)aC~_C(CH2)~CI-~- CH~(CH~)aC~___C(CH2)TBr DMSO > 

A. N. Nesmeyanov Institute of Heteroorganic Compounds, Academy of Sciences of the USSR, Moscow. 
Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 9, pp. 2131-2132, September, 
1981. Original article submitted December 5, 1980. 

1750 0 5 6 8 - 5 2 3 0 / 8 1 / 3 0 0 9 - 1 7 5 0 5 0 7 . 5 0  �9 1982 P l e n u m  P u b l i s h i n g  C o r p o r a t i o n  


