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Recently, we have shown that ethers and primary alcohols with sufficient length of alkyl chains can be used 
as transfer agents of H2SO 4 from the aqueous to the organic phase [i]. Such transfers make it possible to use the 
H2SO4:CH2C12 system (i:I by volume) in the presence of R20 or ROH (I M solutions) for iouic hydrogenation of 
olefins by the action of organohydrosilanes. It could be expected that replacing the H2SO 4 by HCIO 4 would make 
the system more effective, inasmuch as the presence of CIO~, as a rule, speeds up the reaction by the inter- 

mediate formation of carbocations [2, 3]. 

In the present work we have studied the transfers of HCIO 4 into the organic phase by ethers with alkyl ra- 
dicals of different lengths in the two-phase system 65.5% HCIO4:octane. Parallel I;o this same system is the 
ionic hydrogenation of several unsaturated compounds (Table i). Hydrogenation is significantly speeded in the 
presence of all ethers studied except Et20. In this connection only the ethers with long alkyl rsflicals are good 
transfer agents, but those containing four to eight carbons do not facilitate transfer of acid into the organic 

phase. 

It is known that the rate of ionic hydrogenation in homogeneous systems increases with increase of con- 
centration of acids [4]. The absence of a symbatic dependence between the yields of methylcyclohexane and the 
amount of acid transferred to the organic phase caused us to investigate the course of the ionic hydrogenation 
in each phase separately. With this in mind the solution of the ether in octane was stirred with 65% HCIO 4, let 
stand 1 h, the layers separated, and a mixture of reagents introduced into each layer, i.e., l-methyleyclohe,xene 
and PhzSiH z (see Table i). It seems that in the case of lower ethers transfer of acid to the organic phase is not 
facilitated and the ionic hydrogenation does not take place in this phase but occurs to a significant extent in the 
acid phase (expts. 3 and 4).t This is evidently associated with the fact that dipropyl and dibutyl ethers are par- 
tially soluble in the acid phase, which brings about an increased solubility of the silane but the olefin in this 
layer [5] and an increase in the yield of alkane. In contrast, in the case of ethers of sufficient length of alkane 
chains the reaction takes place in the organic phase. Methyl dodecyl ether transfers an amotmt of acid which is 
adequate for hydrogenation of all olefins initially present in that layer and the reaction in the organic phase 
goes practically to completion (expt. 7). Dioctyl and butyl dodecyl ethers are less effective as transfer agents 
of acids into the organic phase since their concentrations in this layer are less and the ionic hydrogenation pro- 
ceeds more slowly in the organic phase. Establishment of the yield of metkyleyclohexane in the two-phase sys- 
tem shows that during the time of the reaction in the two-phase system the transfer agent evidently sometimes 
succeeds in crossing over the boundary of the separate phase with a new portion of acid according to the scheme 
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The i nc r ea se  in y ie lds  of the alkane f r o m  6% to 30% on going ove r  f r o m  a two-phase  s y s t e m  to  the acid phase  

in the absence  of a t r a n s f e r  agent  is explained by the inc reased  concen~a t ion  of r eagen t s .  In the case  of methyl  
dodecyl e ther ,  there  is a t r a n s f e r  of a l a r g e  quantity of acid into the organic  l ayer ,  the concentra t ion of acid in the 
aqueous l aye r  fa l ls  to 63.8%, and the  yie ld  of a lkane d e c r e a s e s  to 8%. 
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(/ Organic phase: ROR < [ROR]n[HC104]m-b --]- Ph2SiHz 

Acid phase: nBOR q- mHC104 ~ [ROR]n[HC104]m 

Dibutyl  e ther  is  of pa r t i cu l a r  in te res t  inasmuch  as  in the  s y s t e m  65.5% HC104:Bu20:octane , bes ides  the o r -  
ganic and acid phases  a th i rd  phase  is  f o rm ed  located  between the f i r s t  two. Ca r ry ing  out the ionic hydrogena-  
t ion in th is  th i rd  phase  leads  to  the f o r m a t i o n  of the p roduc t s  in quantitative y ie lds .  T i t r a t ion  of the th i rd  phase  
and GLC ana lys i s  showed that  th is  phase  is  a m ix tu r e  of pe r ch lo r i c  acid and dibutyl e ther  in the mole  r a t i o  
1.5:1 (1:1 by volume) with a sma l l  amount  of octane (~2-5%). Consequently,  i t  could be expected that  the s y s t e m  
65% HC104:Bu20 = 1:1 (by volume) would be effect ive fo r  ionic hydrogenat ion.  Actual ly,  r eac t ing  1 -methy l -  
cyclohexene with Ph2SLt{ 2 in a mix tu re  of HC104:Bu20 = 1:1 (by volume) p roceeds  with quantitative yield aster  
30 rain at ~20~ 

The new s y s t e m  found fo r  ionic hydrogenat ion,  i .e . ,  HC104:HSLR3:octane:ROR s e e m s  effective in the  ease  
of other  s u b s t r a t e s  (Table 2). H e r e  unbranched olefins such a s  cyclohexene a re  not hydrogenated under the 
conditions studied, but acetophenone is  hydrogenated  to  ethylbenzene.  This  is  evidence for  the maintenance  of 
speci f ic  se lec t iv i ty  in  ionic hydrogenat ion.  

It  is n e c e s s a r y  to point out the e x p e r i m e n t s  using l e s s  concent ra ted  HC10 4 appeared  unsuccessful :  for  
concent ra t ions  of HC10 4 lower  than 60%, ionic hydrogenat ion did not p roceed  under  the conditions of the ex-  
pe r imen t .  Thus,  we have the s tepwise  dependence on the HC10 4 concentra t ions  obse rved  in [6], where  it was 

TABLE 1. Hydrogenat ion of 1-Methylcyclohexene by the System 
HCIO4:Ph2SiH2:ROR:Octane (0.5 m m o l e  subs t ra te ,  0.5 m m o l e  
Ph2SiH 2, 1 m l  65.5% HC104, 1 ml  of a 1 M solution of the e ther  in 
octane,  30 rain, 20-22~ 

~ Z  
Ether 

Diethyl 
Dipr@yl 
Dibutyl % 
D i o c t Y l  
Butyl'dodecyl 
Methyl dodecyl 

. . . .  ]COaCh, of acid[ Yield of methvl6~,clohexane, % 
' ~a~176 [~ t he--~ [in the o r g a - ~  the----aci--d 

K ' / / o-pnaselnfc phase ~,..o~ 
titer ,system * ' e L'=~ 

0 0,01 6 0 3t 
4 0,025 8 0 34 
6 0,025 70 0 67 
8 0,0'2'5 98 0 52 

16 0,260 65 22 34 
t6 0,360 74 46 33 
13 0,800 87 85 8 

* Organic  p h a s e / a c i d  phase  = 1:1 (by volume).  
In t e rmed ia t e  phase  is  f o rmed ,  yield of methy lcyc lohexaae  is 

100% in it. 

TABLE 2. Ionic Hydrogenat ion of Unsa tura ted  Compounds by the 
System HC 104:H SiR 3:ROR: Octane* 

Substrate E t h e r  Hydrogenation product Yield, % 

2,3-Dime ~hyl-2-butene 
)) 

2-Methyl-2-decene 
r~ 

Aeetophenone 
)> 

Cyclohexene 

Dlp;opyt - 
Methyldodecyl 

Diprotry 1 -- 
Methyl dodecyi, 

Diethyl 
DibutyI 
Methyl dodecyl 

Dioctyl 
Dibutyl 

2, 3-Dimethylbutane 
)> 

2-Methy:decane 

Ethylben z erie 

Cyelohexan e 

4 
54 
60 
2 

t2 
69 

t 
0 

75 
9i  

0 
0 
0 

* F o r  conditions h e r e  and l a t e r  see  Table  1. 
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TABLE 3. Ionic Hydrogenation of 1-Methyl-  
eyelohexene by the System HC104:Ph2SiH2:ROH: 
Octane 

Alcohol 

Ethyl- 
Butyl 
OctyI 
DodecyI 
Hexadecyl 

I Yield of No. of C , 
methyley- / atoms 

I clohexane, 
I % 

0 
2 
4 
8 

t2 
16 

6 
10 
26 
35 
47 
75 

Concentration of 
acid in the organic 
phase, moles/liter 

o,0t 
0,o2 
0,02 
0,08 
0,t6 
O,38 

TABLE 4. Ionic Hydrogenation of Unsaturated Substrates by the 
System KCIO4:HSiR 3:ROH: Oetane 

Substrate Alcohol Product Yield, % 

2,3 -DimethyI-2-butene 
}} 

}) 

2-Methyl-2-deeene 
}) 

}} 

Acetophenone 

}} 

Ethyl 
Hexadecyl 

Ethyl 
Hexadecyl 

EthyI 
Hexadecyl 

2,3-Dtmethylbutane 
}} 

I} 

2 vMethyldecane 
Z~ 

Ethylbenzene 

4 
t5 
45 
I 

26 
85 
t 

t6 
72 

TABLE 5. Starting Mixtures for the Ionic Hydrogenation 
Reaction 

Substrate Organohy- Internal Mole ratio sub- 
investigated drosilane standard strate:silane: standard 

1-Methylcyclohexene 
Cyclohexene 
2-Methyldecene 
2,3-Dimethyl-2-butene 
Acetophenone 

Ph2SiHz 
PhzSiHz 
EtaSiH 
Ph2SiH2 
Et3SiH 

n. Heptane 
n. Hexane 
n. Dodecane 
Cyclohexane 
o-Xylene 

1 : t,5 : 0,35 
1 : 1,5 : 0,35 
1 : i,5 : 0,35 
t : t.5 : 0,35 
t : t,5 : 0,35 

found that the rate  of hydrolys is  of phenyl acetate inc reases  markedly  in the region of HC104 concentrat ions 
of 10M (63%), which is explained by the change f rom a b imolecular  to a carbocat ion react ion mechanism.  

We have found that p r i m a r y  aliphatic alcohols also can be t r ans f e r  agents of HC104 f rom the aqueous phase 
to the organic phase and facil i tate speeding up of the ionic hydrogenat ion (see Tables 3 and 4). 

The t r ans f e r  of KC104 to the organic phase and the react ion of ionic hydrogenation in the p resence  of aJ- 
cohols obeys the same rules  as in the p resence  of e thers ,  namely:  higher alcohols a re  capable of fulfilling tae 
ro le  of t r a n s f e r  agents of acids and the ionic hydrogenation proceeds  in the  organic phase.  In the case of oetyl 
alcohol, containing eight carbon atoms,  a third phase is formed in which hydrogenation proceeds  with high yields 
Oust as it does with ionic hydrogenation in the p resence  of Bu20). Lowered yields of methylcyclehexane in the 
p resence  of alcohols and a l e s se r  amount of t r ans f e r  of acid in compar ison  with ethers  can be explained by the 
format ion of pe rch lo ra tes  of alcohols.  

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

Diphenylsilane, methyldodecyl ether,  and butyl dodecyl ethyl were  obtained as in [7, 9], respect ively;  65% 
HCIO 4 was prepared  by disti l l ing technical  HCIO 4 in a s t r eam of Ar at a sti l l  t empera tu re  n ~  above 150~ 

Ionic hydrogenation in two-phase  sys t ems  HC104:octane is ca r r i ed  out according to the following general  
method. To a previously  prepared  mixture of subst ra te ,  organohydrosi lane,  and standard compound (for sub- 
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sequent GLC analys is ,  Table  5) is  added 1 ml  of a 1 M solution of the e ther  or  alcohol and 1 ml  of 65.5% HC104. 
The reac t ion  mix tu re  was s t i r r e d  30 rain at ~20~ a f t e r  which the  l aye r s  we re  separa ted ,  and the organic  l aye r  
was neut ra l ized  with soda and analyzed by GLC. Resu l t s  of ana lys i s  a re  shown in Tab les  1-3. 

The  amount of  acid t r a n s f e r r e d  i n t o t h e  organic  phase  was de te rmined  by t i t r a t ion .  A mix tu re  of 1 ml  of 
65.5~ HCIO 4 and 1 ml  of a 1 M solution of e ther  in octane was s t i r r ed  30 min  at ~20~ t r a n s f e r e d  to  a s e p a r a t o r y  
funnel, 0.5 ml  of the organic l aye r  separa ted ,  7 ml  dis t i l led wa te r  added, and then  it was t i t r a ted  with KOH to the 
phenolphthalein end point. F o r  r e s u l t s  see  Table  1. 

Bu20-HC104 System.  Mixed vigorously  by shaking were  10 ml  of 65.5% ttC104 and 10 ml  of a 1 M solution 
of Bu20 in octane, in which bes ides  organic  and acidic l aye r s  an in t e rmed ia te  l aye r  of 1.5 ml  fo rmed .  The n o r -  
mal i ty  of the acid in th is  l aye r  is  2.24. The dibutyl e ther  and octane conter~s were  de te rmined  by the  GLC 
method.  

GLC ana lys i s  was c a r r i e d  out on C h r o m - 3  and Chrom-41  ins t rument s  using a 10% PEGA on BLK column 
and a column with 5% Apiezon on Chromosorb .  In terna l  s tandards  a r e  shown in Table 5; n-nonane was used for  
the quantitat ive de te rmina t ion  of Bu20. 

CONCLUSIONS 

1. E the r s  and p r i m a r y  aliphatic alcohols  with alkyl  groups  of adequate length fulfill  the ro le  of t r a n s f e r  
agents  of pe rch lo r i c  acid into the organic  phase .  

2. P e r c h l o r i c  acid is  the  ac t ive  pro ton  donor in ionic hydrogenat ion in two-phase  s y s t e m s  HC104:n-octane: 
ROR(ROH):HSiR 3. 

3. A new effect ive homogeneous  s y s t e m  for  ionic hydrogenat ion has  been p roposed  -HC104:Bu20 (1:1 by 
volume):HSiR 3. 
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