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The h y d r i d e  ion  d o n o r  in ion ic  h y d r o g e n a t i o n  (IH) which  has  become  c o m m o n  in p r e p a r a t i v e  o r g a n i c  
c h e m i s t r y  i s  mos t  of ten t r i e t h y l s i l a n e  [1]. A s y s t e m a t i c  s e a r c h  has  been u n d e r t a k e n  for  new h y d r o g e n a t i n g  
s y s t e m s  in o r d e r  to expand  the  scope  of IH. 

In the  p r e s e n t  s tudy,  we found that  e t h y l d i c h l o r o s i l a n e  (s may  be u sed  as  the  h y d r i d e  ion  donor .  
EDCS is  an i n t e r m e d i a t e  in the s y n t h e s i s  of t r i e t h y l s i l a n e .  The p r e s e n c e  of  ha logen  a t o m s  at s i l i e o n  r e d u c e s  
the h y d r i d e  l a b i l i t y  of  the h y d r o g e n  a tom.  Thus,  the p r e s e n c e  of a L e w i s  ac id  capab le  of c l eav ing  the S i - g  bend 
and i n c r e a s i n g  the c o n c e n t r a t i o n  of c a r b o c a t i o n s  is  r e q u i r e d  fo r  s u c c e s s f u l  IH. 

Olef ins ,  a l k y l  h a l i d e s ,  t r i f l u o r o a c e t a t e  d e r i v a t i v e s  of a l coho l s ,  and 2 - a l k y l t h i o p h e n e s  w e r e  found to r e a c t  
with s  by the  ac t i on  of A1C1 a o r  A1Br a. The r e a c t i o n  is c o m p l e t e  in 2 h in CH2C12 at  20-40~ We used  p -  
t o l u e n e s u l f o n i c  ac id  (TSA) as  the p r o t o n  d o n o r  in  the h y d r o g e n a t i o n  of o le f ins  and th iophenes .  The r e a g e n t  
r a t i o s ,  r e a c t i o n  cond i t ions ,  and h y d r o g e n a t i o n  p r o d u c t  y i e l d s  a r e  g iven  in Table  1. 

Tab le  1 shows  tha t  1 - m e t h y l c y c l o h e x e n e  r e a c t s  with EDC8 and TSA in the p r e s e n c e  of an e q u i m o l a r  
amoun t  a l u m i n u m  t r i h a l i d e  to  f o r m  the h y d r o g e n a t i o n  p roduc t ,  m e t h y l e y c l o h e x e n e  in 65-75% y ie ld  a f t e r  2 h at 
40~ The y i e l d  i s  not changed  by i n c r e a s i n g  the t e m p e r a t ' ~ r e  o r  r e a c t i o n  t i m e .  This  r e s u l t  l i k e l y  s t e m s  f r o m  
o le f in  p o l y m e r i z a t i o n  o c c u r r i n g  in the p r e s e n c e  of the a l u m i n u m  ha l i de  a long  with the m a j o r  r e a c t i o n  
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TABLE 1. Ethyldiehlorosilane Hydride Ion Donor for Ionic H y d r o -  
g e n a t i o n  (2 h, CH2C12) 

Substrate 

1 -Methylcyclo- 
hexene 

Cyelohexene 

1-Ch!oro-1- 
methytevclo~ 
hexane 

Chlorocyelohexane 

Trifluoroacetate of 
1-methylcy clo- 
hexane-l-ol 

Trifluoroaeetate of 
cyclohexanol 

2-Ethylthiophene 

A l t f a l s  

AlBra 
AICls 
A1Bra 
A1CIa 
A]Br:~ 
A1CI:, 
All3r:~ 
AtCIa 
A1Brs 

,i 

?,lC]:, 
AIIJr~ 

AICIa 
A] Bra 

Reagent and 
:easent/sub~rrate 
molar ratio 

EDCS ]A1Hala TSA 

2 t 

i 

0.25 0 
0;as 0 

0,25 0 
0.25 0 
0,5 0 
0,25 0 
0,5 0 
0.5 

o ~ 
t 0 

3 3 

Hydrogenation 
T"~ product 

40 Methyleyclohexane 
40 " 
40 Cyclohexane 
40 
20 Methyley~Iohexane 
20 
20 Cyelohexane 
20 " 
20 Methylcy~lohexane 
40 ~ 
40 

2020 Cyclohexane 

20 2-Ethylthiophane 80 * 

Yie Id, 

75 
65 
23 
i7 
92 
94 
45 
40 
8I 
88 
84 
t0 
69 
5o 
75 

"10 h. 
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TABLE 2. A r o m a t i c  H y d r o c a r b o n  Hydr ide  Ion Donors  in  the Ionic  
Hydrogena t ion  at  20~ in  CH2C12 

H-donor 

Cumene 

Dicumyl- 
methane 

p-Cymene 

1,3,5 -Triiso 
propylben- 
z e n e  

*40 ~ 

Substrate 

-Methyleycle- 
hexene 

Trifluoroaee- 
tare of 1- 
methylcyclo- 
hexanol 

1-Chloro-1- 
methylcyclo- 
hexane 

1-Methylcyclo 2 
hexene 

Trifluoroaee - 
tare of 1-rnethyl- 
cyclohexanol 
l-Chloro-l- 
methylcyclo- 
hexane 

1 -Methylcyclo, 
hexene 

Cyelohexene 
1 -Methyleyelo - 
hexene 

Cyelohexene 

A1Hal3 

AIBr3 

A1Bro, 
A1C13 

A1C13 

A1Br~ 
A1Br3 
A1C13 
A1Br~ 
Ale13 

A1Br3 
A1Cla 

AICL 

A1C13 
A1C13 

A1Cla 

Reagent and I Hydrogenation Yield ,G oent/,ub   ate 

l /  3 1 t 2 * Merhyleycto- 34 
hexane 

2 1 0 3 " 48 

t t t " 53 
1 0 2 40 
t 2 2 40 

t 0 2 " 80 
t 0 3 77 

1 0 2 " 80 
t 0 3 80 

2 I "l" 3, " 40 

1 0,5 "~ 3, Cyclohexane t0 
1 0.5 $ 3. Methyleyclo- 75 

hexane 
t 0.5 ~ 3. yelohexane 8 

SGustavson complex 3PhCH3-2AICI 3. HCI 

High selectivity is one of the major features observed in IH using the Et3SiH-CF3CO2H system. Only 
compounds which form relatively stable tertiary carbocations enter the reaction. The concentration of these 
earbocatiens must be sufficient for reaction with the hydride ion donor [1]. Such selectivity is found also using 
the EDCS-TSA-AIHal 3 system, although to a reduced extent. Thus, an unbranched olefin such as cyclohexene 
is hydrogenated under the conditions described above but the yield of hydrogenation product does not exceed 
25%. A similar drop in selectivity was observed previously in the hydrogenation of olefins by the Et3SiH-HCI- 
AICI 3 system [2]. The presence of a strong Lewis acid apparently so increases the concentration of the 
secondary carbocations formed under the reaction conditions from unbranched olefins that they become capable 
of completing the hydrogenation process. Thus, use of hydrogenation systems containing a Lewis acid permit 
an expansion of the scope of applicability of the IH method. 

Use of EDCS in the presence of an aluminum halide gave hydrogenolysis of alkyl halides leading to 
saturated hydrocarbons. Thus, the tertiary alkyl halide, l-chloro-l-methylcyelohexane is converted by EDCS 
in the presence of an aluminum halide to methyl cyelohexane with yields close to quantitative. The activity of 
AICI 3 and AIBr 3 are virtually the same in this reaction (see Table I). 

The secondary alkyl halide, chlorocyclohexane is also hydrogenated by EDCS but the cyelohexane yield 
under the above condition~ does not exceed 45%. 

II R 

R = H, CH3 

T r i f l u o r o a c e t a t e  d e r i v a t i v e s  of a lcohols  r e a d i l y  r e a c t  with EDCS in  the p r e s e n c e  of an a l u m i n u m  hal ide .  
The t r i f l u o r o a c e t a t e  group is  r ep l aced  by hydrogen  and a s a t u r a t e d  h y d r o c a r b o n  is  fo rmed .  Thus,  the t r i f l u o r o -  
ace ta te  d e r i v a t i v e  of 1 - m e t h y l - l - c y c l o h e x a n o l  in  the p r e s e n c e  of a ca ta ly t i c  amoun t  of a l u m i n u m  hal ide  is  con-  
v e r t e d  to me thy leyc lohexane  in  80-88% yie ld  depending  on the r e a c t i o n  condi t ions  (see Table  1). The t r i f l u o r o -  
ace ta te  d e r i v a t i v e  of the s e c o n d a r y  alcohol ,  cyc lohexanol ,  i s  hydrogena ted  by EDCS to cye lohexane  though good 
y ieIds  r e q u i r e  the p r e s e n c e  of an e q u i m o l a r  a m o u n t  of a l u m i n u m  hal ide .  

R tl 

R = H,  CH3 
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rives. 
Great  in teres t  lies in our d i scovery  of the possible use of EDCS for the hydrogenation of thiophene der iva-  

The react ion is ca r r ied  out at 80~C and leads to the eorresponding thiophane in high yields (see Table 1). 

I ~ Ii TSA~ EtSiHCI~ [ , 

qs/-a 

Ipatieff et al. [31 reported that the alkylation of alky!benzenes by olefins in sulfuric or  hydrofluoric  acid 
gives saturated hydrocarbons.  These authors attributed this finding to the t r ans fe r  of a hydride ion f rom the 
alkylbenzene to the carbocation formed f romthe  olefin under  the react ion conditions. 

We have found that a romat ic  hydrocarbons with a branched alkyl substituent in the presence  of an alumi- 
num halide also may be used as hydride ion donors in the IH react ion and hydrogenolysis.  Cumene, dicumyl-  
methane, p-cymene,  and J ,3 ,5- t r i isopropylbenzene were used for  this study. The react ion was run at 20-40~ 
for 2-3.5 h in Ch2C12 or  toluene. In the case of olefin hydrogenation, TSA or gaseous HC1 was used as the proton 
donor. The resul ts  are  given in Table 2 which shows that the best hydride ion donor for olefin hydrogenation is 
t r i isopropylbenzene.  Thus, use of this donor for 1-methylcyclohexene gives methylcyclohexane in 75% yield. 
Use of dicumylmethane gives methylcyclohexane f rom 1-methylcyclohexene in 55%yield. 

Olefin hydrogenation proceeds more select ively when using C - H  hydride ion donors than in the case of 
EDCS. For  example, cyclohexene forms cyclohexane under the conditions studied in ] 0% yield. 

It is in terest ing to note that olefin hydrogenation also proceeds in the absence of a prot ic  acid, though in 
yields not exceeding 40%. In this case, the proton donor is probably the carbocation formed f rom the a romat ic  
hydrocarbon with branched hydrocarbon chain or  loss of a hydride ion f rom this compound. 

As in the case of Et3SiH and EtsSiHC12, the use of cumene and the-other a romat ic  hydrocarbons studied in 
the presence  of an aluminum halide permits  replacement of the t r i f luoroacetate  group in trff luoroaceta[e der iva-  
tives of alcohols and of the halogen atom in alkyl halides by hydrogen. The react ion leads to the formation of 
saturated hydrocarbons  in 60-80% yields (see Table 2). 

Thus, a romat ic  hydrocarbons with a t e r t i a ry  carbon atom in their  s ide-chain in the presence of aluminum 
halide may be used to obtain saturated hydrocarbons f rom olefins, alkyl halides, and t r i f luoroacetate  derivatives 
of alcohols. 

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

A sample of 1-methylcyclohexene was prepared f rom cyclohexanone according to Zelinsky [4] and a sample 
of 1 -ch lo ro - l -me thy lcyc lohexane  was obtained f rom ]-methylcyelohexene was prepared according to Mousseron 
et al. [5]. The firifluoroacetate derivative of 1-methylcyclohexanol  was prepared according to our previous pro-  
cednre [6]. A sample of ethylthiophene was prepared  by the reduction of aeetothienone [7]. A sample ofAIC13 
was purified by sublimation in an argon atmosphere.  

The qualitative and quantitative analyses of the react ion mixtures were carr ied  out by gas-l iquid chromato-  
graphy on a Khrom-3 chromatograph with a ka tharometer  detector,  and helium gas car r ie r .  

Stainless steel  columns were used: 1) 3.5 m • 6 mm packed with 10% PEGA on 0.2-0.3 mm BLK Ribosorb, 
2} 2.5 m•  6 mrn packed with 5% SE-30 on 0.16-0.22 mm Chromatone N-AW-H1VIDS, and 3) 2.5 m • 6 mm packed 
with 15% carbowax 20M on 0.16-0.20 mm Chromatone N-AW-DMCS. The tempera ture  was 65-130~ The 
hydrogenation products were identified relative to known samples.  The product yields were found using an in- 
ternal  standard with cor rec t ion  factors .  Octane, nonane, and trideeane served as internal standards.  The 
hydrogenation w~as car r ied  out by one of the methods descr ibed below. The reagent  ratios and react ion condi- 
tions are  given in Tables 1 and 2. 

Method A. The hydrogenation of 1 -ch lo ro - l -methy lcyc lohexane  by EDCS in the presence  of A1C13; A 
sample of 0.170 g substrate  was placed in a flask equipped with a reflux condenser.  The flask was cooled with 
dry  i c e - a c e t o n e  and 0.332 g EDCS, 2.5 ml CH2C12, and 0.043 g A1C13 were added. The cooling was stopped and 
the react ion mixture was maintained for 2 h at N20 ~ s t i r r ing .  Then, the mixt~are was decomposed 
by water  with cooling and the internal  standard was added. The aqueous layer  was removed and extracted with. 
CH2C12. The combined organic layer  was dried with lVlgSO 4 and analyzed. The methylcyclohexane yield was 
o4%. 

Method B. Hydrogenation of 2-ethylthiophene by EDCS and TSA in the presence of A1Br 3. A sample of 
0.112 g ethylthiophene was added to an ampule cooled with dry  i c e - a c e t o n e  and 0.772 g EDCS and 0.515 g TSA 
were added. Then, 3 ml CH2Cl 2 and 0.798 gA1Br  3 were introduced. The ampule was sealed, placed in a con- 
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t r o l l e d - t e m p e r a t u r e  bath, and maintained for  8 h at 80~ Then, the ampule was cooled, opened, and the mixture  
was decomposed with wa te r  using d ry  i c e - a c e t o n e  cooling. The in te rna l  s tandard  (tridecane) was then added. 
Fu r the r  work-up  as desc r ibed  for  Method A gave a 75% yield of 2-ethylthiophene.  

Method C. Hydrogenation of 1-methylcyclohexene  by 1 ,3 ,5- t r i i sopropylbenzene  and Gustavson complex. 
A sample  of 0.935 g A1C13 was added to a two-necked f lask equipped with a reflux condenser  and gas inlet  tube 
and then 1.1 ml (10.6 mmole)  toluene was added. HC1 was introduced at 20~C and s t i r r ed  for  30 min. Then, the 
f lask  was cooled with dry  i c e - a c e t o n e  and 0.675 g 1-methylcyclohexene ,  0. 868 g t r i i sopropylbenzene ,  and 3 ml 
toluene were  added. The mixture  was maintained for  3.5 h at ~20~ T h e f l a s k w a s  then cooled, the mixture  was 
decomposed with water ,  and the in te rna l  s tandard  (nonane) was added. Fu r the r  t r e a t m e n t  as descr ibed  in Method 
A yielded 85% methylcyclohexane.  

C O N C L U S I O N S  

Ethyldichlorosi lane and a lkyl i sopropylbenzenes  in the p r e sence  of a luminum halides a re  hydride ion donors  
in the ionic hydrogenat ion of olefins, alkyl halides,  and t r i f luoroace ta te  de r iva t ives  of alcohols.  

1. 

2. 

3. 
4. 
5. 
6. 

7. 
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3,4-Disubst i tuted ca ranes  (I) in a number  of reac t ions  undergo r e a r r a n g e m e n t  with i n t r amolecu l a r  1,3- 
t r ansannu la r  par t ic ipa t ion  of the cyclopropane r ing (CPR). The s t e r i c  precondi t ion for  the r e a r r a n g e m e n t  is 
cis a r r a n g e m e n t  of the CPR and the leaving group at the C-3 reac t ion  si te [1]. As resul t ,  de r iva t ives  of 1- 
methyl -4- i sopropylb icyclo[3 .1 .0]hexanes  a r e  formed:  

(I) (]I) (l]i) 

Two s t e r e o c h e m i c a l  pathways for  the r e a r r a n g e m e n t  leading to products  with different  s t e r e o c h e m i s t r y  
may be proposed:  a) re tent ion  of configuration of the reac t ion  site leads to the fo rmat ion  of products  with t r ans  
or ientat ion of the r e f o r m e d  CPR and i sopropyl  group in (II) and b) invers ion  of configuration of the reac t ion  site 
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