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The alteylation of s t e r i ca l ly  h indered phenols (SHP) is an e x t r e m e l y  in teres t ing  reac t ion ,  f r o m  both theo-  
re t i ca l  and p rac t i ca l  viewpoints ,  that  can be used to obtain the cor responding  4 -a lky l - subs t i tu t ed  phenols.  The 
alkylat ion of SHPs by alkyl hal ides in an alkaline media ,  o r  by alcohols or  olefins in acidic media  is a wel l -  
known reac t ion  in many examples  [1]. There  has  been less  r e s e a r c h  on the alkylat ion of SHPs by functionally 
subst i tu ted olefins in the p r e s ence  of bases .  

Obviously,  the allgrlation of SHPs by alkyl hal ides and functionally subst i tu ted  olefins in alkaline media  
have much in common.  There  is no doubt that in both cases ,  in o r d e r  fo r  the reac t ion  to p roceed  successfu l ly ,  
the nucleophil ici ty of the or iginal  phenol must  be inc reased .  This is r ea l i zed  by fo rmat ion  of the corresponding 
phenolates  in the alkaline medium.  Since the acidi t ies  of SHPs a r e  substant ia l ly  lower  than those of alcohol and 
w a t e r  (for 2 ,6 -d i - te r t -bu ty lphenol ,  pK a = 11.7 [1]), the exis tence  of phenola tes ,  and hence the actual  occur rence  
of alkylation, a re  poss ib le  only in aprotonic  media .  

Here we report on a kinetic and mechanistic study of the all~lation of the Li salt of 2,6-di-tert-butylphenol 
(I) by methyl acrylate (MA) (which was also used as a solvent) in DMFA medium. The reaction was carried out 
in a closed vessel equipped with a thermostatting device and a sampler. The Li phenolate used in this work was 
obtained by preliminary addition of 1 eq. of LiH to a solution of 2,6-di-tert-butylphenol in DMFA that had been 
dried and purified to remove amines. The alkylation process was investigated in the interval I00-140~ In 
order to prevent oxidation reactions, the reaction vessel was purged with N 2. With a small excess of MA (i0%), 
the alkylation proceeds with high yield, giving the methyl ester off3 - (4-hydroxy-3,5-di-te rt-butylphenyl)propionic 
acid (IX). The contribution of side reactions (dealkylation or isomerization of the original phenol and polymer- 
ization of the MA) is no greater than 3-5% under these particular conditions. 

In Fig. 1 we show Mnetic curves for the aeeum.ulatlortof the salt (If), and also a rectification of these 
curves on second-order reaction coordinates. It can be seen that satisfactory rectification is achieved up to 
rather high conversions of the original salt (1). The alkylation rate increases with increasing temperature. The 
Arrhenius relationship gives an activation energy of 19.7 kcal/mole (Fig. 2). 

It can be concluded that in the present case we are dealing with a conventional bimolecular process of 
nucleophilic addition at an activated multiple bond, 
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The reaction evidently proceeds through the intermediate (HI), which in a polar medium is rapidly isomerized 
to the salt (II). 

It is known f r o m  the l i t e ra tu re  [1] that  the acidity of 4 - a lky l -2 ,6 -d i - t e r t - bu ty lpheno l  is somewhat  lower 
than that  of 2 ,6 -d i - te r t -bu ty lphenol  (for 4 -me thy l -2 ,6 -d i - t e r t - bu ty lpheno l ,  PKa = 12.23; for  2 , 6 -d i - t e r t - b u ty l -  
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Fig. I. Kinetic curves for accumulation of (ID (a), and anamorphoses of these curves (b), at the 
following reaction temperatures, ~ i) i00; 2) ii0; 3) 130. [I] 0 = 1.59, [MA] 0 = 1.75 moles/kg, 

DMFA. 
t . [I]o([MA]o-- [II]) 

Y = [MA]o -- [I]o in [MA]o([i]o _ [II]) 

Fig. 2. Arrhenius  relat ionship for  alkylation of (D with MA. [I] 0 = 1.59, [MA] 0 = 1.75 m o l e s / k g ,  

DMFA. 

phenol, pK a = 11.7, in water  at 20~ If this is aJso t rue in our case,  then, if there is an excess of 2 ,6 -d i - t e r t -  
butylphenol (In) in the mixture ,  an exchange equil ibrium reaction is  possible:  

(II) q- (Ia) ~_ (IV) q- (I) 

In theory,  therefore ,  the p rocess  of alkylation of 2 ,6-di- ter t -butylphenol  by MA can be ca r r i ed  out in a 
"pseudocatalytic" regime, using small amounts of the salt (D added to the reaction mLxture. In general form, 
such an alkylation process is described by the following series of reactions: 

Ph0Li q- MA ~ Ph'OLi 

Ph'0Li ~- Ph0H --~ Ph'0H -~ Ph0Li 
k- 2 

Despite its s implici ty,  this scheme is not amenable to complete kinetic analysis,  but such an analysis can 
be pe r fo rmed  if cer tain assumptions are  made. In fact,  since the second stage of the process  is a typical ion 
exchange react ion (replacement of a weak acid in a salt  by a s t ronger  acid), it is highly probable that the equilib. 
r ium is established rapidly, this equil ibrium being shifted a lmost  entirely to the right when there is a large 
excess of the original phenol (In). If this assumption is valid, then, in the initial s tages of the p rocess ,  with the 
condition [PhOH] > [PhOLi], the equality [PhOLi] 0 - [PhOLi] should be observed.  Whence, under the condition 

that k 2 >> k l, it follows that 

d [PhOLi] _ _ kl [PhOLi] [MA] q- k~ [Ph'OLi] [Ph0H] = 0 
dt 

o r  

kl [PhOLiIo[MA] 
[Ph'OLi] ---~ ~ [PhOH] (i) 

For the consumption of MA, we have the following law: 

[MA] ~ [MA]o O -~l[PhOLil~t (2) 

Taking Eqs.  (1) and (2) into account, we have for  the rate of accumulation of the final es te r  (IV): 

d [Ph'OH]. ~ kl [PhOLi]o [MA]0e -~' WhOLi]~t 
dt 

Integrat ion of this express ion in the interval f rom 0 to t gives the following dependence of the concent ra-  

tion of the final es te r  on the react ion t ime: 
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Fig. 3. Kinetic curve for accumulation of (IV) (a) and anamorphosis of this curve (b). [la] 0 = 

3.13, ill 0 = 0.08, [MA] 0 = 4.12 moles/kg, 130~ 
Fig. 4. Dependence of kef on concentration of (1). [la] 0 = 3.13, [MA] 0 = 4.12 moles/kg, 130~ 

In ( t  [Ph'OH]~ ] ---- - -  k~ [PhOLi]ot 

An analysis  of th is  exp res s ion  provides  grounds fo r  the conclusion that  ff the conditions [PhOH] > [PhOLi] 
and k z >> k 1 a re  r ea l i zed  in the initial  s tages  of the alkylat ion p r o c e s s ,  the accumulat ion of the final e s t e r  (IV) 
should follow an exponential  law, and the effect ive alkylat ion ra t e  constant  should be l inear ly  dependent on the 
concentra t ion  of the sa l t  (D. 

In Fig.  3 we show the kinetic curve fo r  accumulat ion of the e s t e r  (IV) and the rec t i f ica t ion  of this curve on 
coordinates  of in(1 - [Ph 'OH]/[Ma]  0) vs t (130~ 40-fold excess  of phenol with r e spec t  to the sal t ) .  It can ,be 
seen  that  for  re la t ive ly  high convers ions  (~50%) of the 2 ,6-d i - te r t -buty l~nenol ,  the accumulat ion of the e s t e r  
(IV) follows the exponential  law sa t i s fac to r i ly .  The second consequence of our assumpt ions ,  l inear  dependence 
of the effect ive ra te  constant  of the alkylat ion p r o c e s s  on the concentra t ion of the sa l t  (D, is a lso  fulfi l led quite 
well  (Fig. 4). As would be expected,  the alkylat ion ra te  i n c r e a s e s  with increas ing  concentra t ion of sa l t  in the 
or iginal  mix ture .  

It is noteworthy that  the exponential  dependence of the accumulat ion of the e s t e r  (IV) in the init ial  s tages  
of the p r o c e s s  is obse rved  even when the s y s t e m  contains only  a f ivefold excess  of phenol in re la t ion  to the sa l t .  
This indicates  that  the equi l ibr ium Ph 'OLi  + PhOI-I ~-PhTOH + PhOLi is s t rongly  shif ted toward  fo rmat ion  of tile 
sa l t  of the or iginal  phenol. 

When the "pseudocata ly t ic  ~ r eg ime  of alkylation was rea l i zed  at different  temperatures (100-140~ it 
was found that  the p r o c e s s  r a t e  i nc rea sed  with inc reas ing  t empera tu re ;  the effect ive act ivat ion energy  is 18.5 
k c a l / m o l e .  This value is e x t r e m e l y  close to that obtained above fo r  the act ivat ion energy  of the b imolecu la r  
reac t ion  of a lkylat ion of the sa l t  (D by MA in DMFA solution. This indicates that  here  a lso ,  under  conditions of 
the "pseudocatalytic ~ regime of alkylation with MA, it is the lithium phenolate that reacts. 

Obviously, the relationships that we have described above for the allcylation of the Li salt of 2,6-di-tert- 

butylphenol with methyl acrylate can be extended to other alkali metal phenolates and any olefin with an ac- - 

tivated double bond can be used as the alkylating reagent. 

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

The 2 ,6 -d i - t e r t -bu ty lphenol  was pur i f ied  to ch romatograph ic  pur i ty  (Siinfol UV-254, hexane) by f rac t ional  
dist i l lat ion,  fol lowed by l o w - t e m p e r a t u r e  c rys ta l l i za t ion  f r o m  hexaae .  The DMFA and MA were  pur i f ied  by 
s tandard  p r o c e d u r e s  [2, 3]. 

The alkylation was performed in a S-liter autoclave equipped with a stirrer, a device for metering in the 
MA, a thermostatting device, and a sampler. The salt (I) was prepared in the autoclave before the reaction, by 

dissolving LiH in phenol or in its solution in DMFA, at 100-110~ The excess pressure was bled off, told the 
MA was introduced. Afterthe process conditions had leveled out, samples (5-10 ml) were drawn at certain in- 

tervals. Each sample was diluted with 20 ml of hexane, and the mixture was treated with5% HCI and water. 
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The hexane layer  was drawn off and analyzed for  contents of 2 ,6-di - ter t -butylphenol  and the e s t e r  (IV). The 
analyses  were  pe r fo rmed  in a Tsvet-104 g a s - l i q u i d  chromatograph with p ro g ram m ed  heating (5% SE-30 by 
volume on Chromatone IV-W-AESD, column heating ra te  l l ~  

C O N C L U S I O N S  

The alkylation of the li thium salt  of 2 ,6-d i - te r t -buty lphenol  by methyl acry la te  is a b imolecular  p rocess  
of nucleophilic addition at  an act ivated double bond, which can be c a r r i e d  out ina"pseudocata ly t ic  ~ reg ime  by 
using a smal l  excess  of l i thium phenolate.  
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MECHANISM OF INTERACTION OF CYCLOHEXADIENONE 

CARBENES WITH DEUTEROBENZENE AND BENZENE 

G. A. Nikiforov, L. G. Plekhanova, UDC 541.124:542.91"547.592.3;547.532 

and S. V. Rykov 

The interact ion of e lec t rophi l ic  singlet  ca rbenes  with the a romat ic  ring usually begins with at tack on the 
a romat ic  v - s y s t e m  by the carbene.  The subsequent  course  of the reac t ion  depends on the stabil i ty and the paths 
of convers ion of the norcarad iene  s t ruc tu re  that  is fo rmed  as an in te rmedia te .  Depending on the s t ruc ture ,  
two paths of norcarad iene  t rans format ion  a re  possible:  convers ion  to cycloheptatr iene or a romat iza t ion  to fo rm 
products  of fo rmal  implantation of the carbene in a C - H  bond of the a romat ic  r ing.  The products  of the la t te r  
type,  arylphenols ,  a re  also fo rmed  by the in terac t ion  of cyclohexadienone carbenes  with benzene der ivat ives  [1]. 
It is natural  to assume that  cyclohexadienomylidenes  will r eac t  with a romat ic  compounds in accordance with the 
genera l ly  accepted mechanism.  In this case ,  however ,  at tempts to r eg i s t e r  the format ion  of norcaradiene  in-  
t e rmedia tes  by chemical  or  spec t ra l  methods have been unsuccessful  [2]. 

The presen t  work has been aimed at spec t ra l  and kinetic invest igat ion of the mechanism through which 
cyclohexadienone carbenes  in te rac t  with a romat ic  compouhds. As the reac t ion  to be studied, we se lec ted  the 
the rmal  and photochemical  decomposit ion of 2 ,6-d i - te r t -bu ty l - l ,4 -benzoquinonediaz ide  (I) in a medium of 
benzene or  deuterobenzene.  

Through IR and PMR spec t roscopic  analysis of the react ion mix tures  obtained at various degrees  of t h e r -  
molysis  and photolysis  of (I) in a benzene medium,  it was shown that  only two substances are  p resen t  - the 
original  quinonediazide (D and 4-phenyl -2 ,6-d i - te r t -bu ty lphenol  (III). Evidently,  the in termedia te  norcarad iene  
s t ruc tu re  that  is fo rmed  by the in terac t ion  of 3 ,5 -d i - t e r t -bu ty l -2 ,5 -cyc lohexad ien-4-onyl idene  (H) with benzene 
is the rmal ly  unstable,  and even at 25~ (conditions of photolysis) it  is rapidly conver ted to the phenol (HI). This 
is consis tent  with l i t e ra tu re  data on the the rma l  labili ty of cyclopropane spi rane  sys tems  having a vinyl sub- 
st i tuent on the t h r e e - m e m b e r e d  ring [3]. 
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Here  and subsequently,  R = C (CH3) 3. 
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