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W-The don of triethylsilanc and excess trifluoracetic acid upon cyclic and acyclic oktines 
at room temperature results in a sekctive hydrogenation when the oktIn has two subatitucnts at the 
cthyknc caarbon. Excess of trifluoroaoztic tid is asential for the reaction. Under more drastic 
conditions (heating in ampouks at 140” or using a large excess of trifluoroaoctic acid) cyclic and 
acyclic okhna with unbranchcd structure and inner double bond are capabk of undergoing hydrogen- 
ation although this is son&mm eocompanicd by isomcriration. IO addition to tricthykilanc, cyclo- 
hcptatrienc and saturated branched hydrocarbons have been used a_~ hydride-ion donors. It has been 
found that the action of trifluoroacetic acid and tricthykilane on ketones yields trilIuoroaaztatcs of 
corresponding alcohols. If at least one of the ketone radicals is phenyl, hydrogenation is more likely 
to result in the formation of a hydrocarbon. Iknzophcnonc and acctopbcnone give after 15-20 hr 
at SO-60” diphenylmcthane (90%) and ethylbcnrene (70%) respectively. 

ONE of the possible ways to hydrogenate a multiple bond, in particular ethylene, is 
by addition of proton and hydride ion. 

In the ionic hydrogenation of dihydrolimonene (I) by sulphuric or hydrofluoric 
acid and pcymene (II) it was concluded that pcymol donates the hydride-ion.‘-’ 
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Similarly, it was shown’ that methyl styrene and ally1 alcohol are hydrogenated by 

l Translated by A. L. Pumpiansky, Moscow. 

1 V. N. IpatielT, H. Pines. R. C. Olbcrg. J. Amer. Chm. Sot. 70.2132 (1948). 
’ H. Pines. A. Weirmann and V. N. Ipatietf. J. Am. Chem. Sot. 70,3859 (1948). 
’ H. Pines. D. Stnhlau and V. N. Ipatkff. JI Am. Chem. Sot. 71,3534(1949).72,1563,5521(1950). 
a S. V. Vitt, and N. S. Martinkova. Irvesf. A&ad. Nank. SSSR. Or&i. &him. Nauk 525 (1964). 
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benzhydrol and its alcoholate: 
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In the ionic hydrogenation of olefines using tritluoroacetic acid as a proton donor and 
trisubstituted silane as donating hydride ion,‘ it found that, at room temperature, 
methylcyclohexene, mtthylcyclopentenc, 2-methyl-2-butene and 2-methyl-1-pentene 
are hydrogenated to the respective saturated hydrocarbons. Using a molecular ratio 
1:1:2 of ole6ne: tricthylsilane: trifluoroacetic acid, the yield of saturated hydro- 
carbons is as high as So%. Unbranched olefines, cyclic and acyclic (cyclohexene, 
I-hexene, 2-hexent, I-heptene, 2-heptene) fail to hydrogenate under these conditions. 
This is also the case with 4methyl-2-pentene at 2&50” with a 1: I:2 ratio of oletine: 
silanc:tritluoroacetic acid, but if a catalytic amount of sulphuric acid is added, 
hydrogenation does take place to form 2-methylpentanc. 

Mcthyldiethylsilane, triethylsilane, man+, di-, and triphenylsiianes have been 
investigated as hydride ion donors. Their donating capacity was found to increase 
on passing from monophenylsilane to diphenylsilane and decrease from diphenyl- 
silane to triphcnylsilane. 

A similar regularity has been observed0 in the behaviour of phenyl substituted 
silanes on hydrogen exchange with LAD and hydrocarbons such as cycloheptatrienc 
have been studied as hydride donors. 

It is well known that cycloheptatriene in losing a hydride ion gives rise to a stable 
tropylium ion. 

Consequently, we have shown that cycloheptatriene in the presence of trifluoro- 
acetic acid reacts with methylcyclohexene forming methylcyclohexane. The yield 
of hydrogenation product, however, is low probably due to partial polymerization of 
cycloheptatriene and of the products of its partial hydrogenation. 

We have also tried saturated hydrocarbons with a tertiary carbon atom, as hydride- 
ion donors,14*7.8 and found that methylcyclohexene in trifluoroacetic acid yields 
mtthylcyclohexane and 2-methyl-I-pentene, in accordance with the following 
equation: 
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I H I/ H \ 
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* Z. N. Parnu, V. I. Zdaoovich. E. E. Kuguchcva, 0. I. Busova and D. N. Kuraano v. Dokl. Akad. 
Nank SSSR 166,122 (1966). 

@ D. N. Kurmnov. V. N. Sctkina and Yu. N. Novikov. hest. Akad. Nauk. SSSR, 01&l. khlm. 

Nauk. 1911 (1964). 
’ W. Haaf and H. Koch, Ueb&s AM. 638,122 (1960). 
’ G. M. Kramer. J. Org. Chem. 30.2671 (1965). 
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Similarly, the reactions of methylcyclopentene and methylcyclohexane in tri- 
fluoroacetic acid gave a mixture of methylcyclohexene and methylcyclopentane 
together with starting hydrocarbons. The ionic mechanism of the reaction is sub- 
stantiated by the following facts and considerations. 

1. When an olefine is mixed with trifluoroacetic acid in the absence of silane the 
solution turns dark and on standing gives a precipitate. This appears to be due to 
ionic polymerization. In the presence of silane there is practically no polymerization 
and the solution remains colourless even when heated. Apparently the carbonium-ion 
being formed reacts faster with silane, abstracting a hydride-ion. 

2. The ionic reaction mechanism is in accordance with the selectivity of hydro- 
genation of branched olefines as only in these cases are tertiary carbonium ions 
formed directly. These are known to be much more stable than secondary ions, the 
energy of which is reported9 to be 11 kcal/molc higher than that of tertiary carbonium 
ions. 

3. Of the unbranched olefines investigated only styrene, which on proton addition 
forms a carbonium-ion stabilixed by the adjacent phenyl, undergoes hydrogenation 
under mild conditions. 

4. The ionic mechanism explains the hydrogenation of 4-methyl-Zpentene on 
addition of trifluoroacetic acid in the presence of catalytic amounts of sulphuric acid. 
Under these conditions, isomerization of 4-methyl-2-pentenc to 2-methyl-2-pentene 
takes place and the latter then yields a tertiary carbonium atom on protonation. 

In olefines having two substituents at the ethylene carbon, hydrogenation is 
possible only in an excess of trifluoroacetic acid, the equilibrium in reaction I is 
almost completely shifted towards trifluoroacetate formation when equimolar 
amounts of olcfin and acid are used. lo Further addition of acid causes the trifluoro- 
acetate to be protonated and the equilibrium is shifted towards the formation of 
carbonium ion : 

HH 

With an unbranched olcfine, when the trifluoroacetic acid+lefinc ratio is 2: 1, the 
reaction does not yield a saturated hydrocarbon, but if the ratio is increased to 3.5 : 1, 
hydrogenation takes place. Thus 2-hexene gives a poor yield of hexanc and cyclo- 
hexene is partly converted to cyclohtxanc, methykyclopentene, and methylcyclo- 
pentane. Similar results are obtained when the reaction is carried out at 140” in 

’ A. 0. Evans. * &a&on of Organk Hall&s In Solution. p. 2% The Manchester University Press, 
England (1946). 

I* C. K. Ingold. S~rncrure and Mechaulsm In Organic Chemfwy, pp. 752, 767. 
I’rus. Ithaca, New York (1953). 

Cornell Univmity 
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sealed ampoulcs at olefine:silane:acid ratio of 1: 1:2. The formation of methyl- 
cyclopcatcae, methylcyclopentane and cyclohexane from cyclohexcae may IX 
accounted for by the following scheme: 
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It is to be noted that methylcyclohexanol trifluoroacctatc fails to react with triethyl- 
silane but addition of an equimolccular amount of trifluoroacetic acid to the reaction 
mixture gives rise to methylcyclohexane in the same yield as on hydrogenation of 
methylcyclohexene using a olefine:silanc:acid ratio of 1: 1:2. Secondary trifluoro- 
acetate, in particular that of cyclohexanol, does not react with triethylsilane even in 
the presence of an equimolecular amount of trifluoroacetic acid. 

Olefins with a terminal double bond, such as I-hexene, when heated in ampoules 
at 140’ using a olefine:silane:acid ratio of 1: 1:2 give no hydrogenation products. 
When trifluoroacetic acid was used in large excess (3.5 fold) the reaction products 
contained 2-hexene and hexane. It is possible that isomcrization of I-hexene into 
2-hexene was followed, under the experimental conditions, by hydrogenation leading 
to hexane. 

It was anticipated that a double carbon-oxygen bond would also undergo hydro- 
genation under the experimental conditions and ketones such as methyl ethyl ketone 
and cyclohexanonc when used in a ketone:silanc:trifluoroacetic acid ratio of I : I 
-2 : 2 yield after 10-l 5 hr at 55” trifluoroacetates of the respective alcohols. However, 
in ketones containing at least one benzene ring adjacent to the CO group hydrogenation 
is more complete and the latter is converted to a methylene group. Thus the hydro- 
genation of aryl ketones results in good yield of hydrocarbons, acetophenone and 
benzophenone yielding ethylbenzene (70 %) and diphenylmethane (94 %) rcspcctively. 

The mechanism of the reaction may be described by the following scheme: 
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With R’ == Ph the following reaction may take place: 
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The introduction into the benzene ring of an electron-withdrawing substituent 
puru to the CO, e.g. a protonatcd dimethylamino group slows down the reaction 
considerably. Thus, the Michler ketone is converted to bisdimethylaminodiphenyl 
methane after the reaction mixture has been heated for 40 hr at 90-95”. 

EXPERIMENTAL 

Trifluoroaatic acid used had Ho = -3.15 as determined by Hammctt method, with 2,4-dichloro- 
bnitroanilinc as indicator.1i Silancs were prepared from SiHCl, by Grignard reaction.” Hydro- 
carbons were synthesized by conventional proadures or kindly supplied by the laboratory of B. A. 
Kazansky. 

Cykohcptatriertc was obtained by Winberg’s method” by the following scheme: 

+ CHCI, .- NaOCH, - 

0 
To purify the resulting cyclohcptatrknc from toluenc it was converted to tropylium bromide.t‘ 

The tropylium salt was rcdlkxd with LAH to cycloheptatrknc. 
Starting and end products were analysed by GLC. Qualitative determinations were ct&ctcd on 

chromatograph Chrom-I with Bamc ionization de&tion and a column IIlkd with 13% /I$‘di- 
oxypropionitrik on a diatomite brick for hydrocarbons, and 10% Twcco-20 on a INZ-600 brick 
for ketom. N was used as carrier gas. The column was 2 meters in length and 4 mm diam. It was 
operated for hydrocarbons at 24-26” and l&180 mm N press in the evaporator. Peaks were identifkd 
by introducing into the specimen authentic sampks. In or&r to substantiate the identity ofcompounds 
with coinciding peaks the analysis was repeated on the column f&d with reopkx 400. 

Quantitivc determinations of hydrotxbons were carried out on the chromatograph “Wiiy 
Guide”, ” GCHF-18/2T’. The column was 2 m. in kngth and 6 mm i.d. and Alkd with 10% rcopkx 
400 on a diatomitc brick using He as carrier-gas, at 36”. 

We made use of the method of inner standardization (or labclling).ib Before carrying out the 
analysis a weighed quantity of a known subatanct whose beat conductivity was equivaknt to that of 
the substance to be determined was introduced into the weighed specimen. The calculation was made 
in terms of the formula: 

t.,ha, Pi-P- 
taha 

where Pi is the amount of the substance being determined in the specimen (mg). 
P is the amount of the refcrencc substance introduced. 

ta is the retention time of the reference substance, 
tai is the retention time of the substana being determined, 
ha is the peak height of the refcrena substamx. 

hat is the peak height of the substancc being determined. 

I. l%e &termination of the ability of dif cren~ okjincs to undergo ionic hydrogemtion 

Hydrogenation was e&ted by using trifluoroaatic acid as proton donor and tricthylsilane as ion 
donor. The rcastion was carried out (a) at 50” during 10 hr. and (b) at u)” during 120 hr. The 
olefinc:triethylsilane:trifluoroacztic acid ratio was 1: I :2. 

‘* L. P. Hammctt and M. A. Paul,/. Am. Chrm. Sot. 56,830 (1934). 
I9 J. W. Jenkins, N. L. Lavery, P. R. Guenther and H. W. Post, /. 0~. Chcm. 13,862 (1948). 
” H. E. Winberg, J. Org. Glum. 24.264 (1959); USP. 283106 (1958). 
i’ D. N. Kursanov and M. E. Vol’pin, eOkl. Akad. Nank. SSSR 113,339 (1957). 
I* V. I. Kurko. Gazokhromarqqrajchesky UJIUI~SLI prslchcvykh pmdnktou. Zh. Pistcheuxya promysh- 

knmsr. Moskva (1965). 
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To mixture of trkthykikno (0-01 mok) and trilIuoroacatic acid (042 mok) the ok6n (091 mok) 
was added slowly. The resulting mixture was poured into water, the hydrocarbon layer separated 
and the aqueous layer extracted with ether or benzene. The combined organic layers wm then 
ncutmh&, washed with water, dried, distilkd and analyscd by GLC. The cxpcritnental rest&s are 
summarized in Tablo 1. 

TABLE 1. Hroitoos~~rro~ or m 0roEu MILD coNDrtlo+Is 

Starting oktine Hydrogenation 

I-Hoxcno 
2-Hcxcne 
CMethyl-Zpentenc 
Zhlethyl-2-butcnc 
2-Methyl-1-pentene 
C)dOhCXCOC 

I-Methykydohexcm 
I-h4ethykyclopntcnc 
Slyrenc 

No 
No 
No 
YCS 
YU 
No 
YCS 
YCS 
YCS 

Hydrogenation product 

- 
- 

2-Methylbutane 
2-Mcthylpcntane 

- 

Methykyclohcxanc 
Mcthykyclopentane 
Ethylbenzene 

The nrction of mcthykzyclohcxcm, tticthykikne and trifluorc#aric rid (1: 1: 1-S ratio) was 
carried out at 60” durin 

& 
S hr plus 100 hr at 20” gave trkthykilanc trifluoroacctate in a 40% yield of 

theory, b.p. lSO-151’. rr, 1.3748. Lit., b.p. 153’; I$ 1.3720.” (Found: C, 42.34.42.30; H. 6.36. 
6.63; F, 2468.24.95, (C,H&XXZGCF, requires: C. 42.11; H. 6.58; F. 2.5 %) 

When during the ruction with a tenfold excess of trifluoroaatic acid the evolving gas was en- 
trapped at room tcmp the yield of hydrogen was 4 % of theory. The same experiment gave methyl- 
cyclohcxam in a 88 ‘/. yield. 

Tlsst.s 2. Da?s~~cr+cz 01 ~LCY -NEYQIl)ONTHBA-O? 

CF,CGDH PER 1 WOLE or MPIXYLCY~HEXENB AND1MOl.EOrlXIElHYL- 

SlIANE 

Yield of mthykyclohcxanc (%) 
CF,CGOH (mok) 

at 5OO” for 10 hr at 20” for 120 hr 
.---- --- 

I 6 4 
1.s 40 - 

2 67 73 
2.5 72 68 
3 71 70 
4 72 73 
5 67 67 

10 - 78. 

l The reaction took 1 hr. 

II. lnftracrion of IripyoroucetaIc and slkue 

Methylcydohexyltritluroacctate was synthesized from nuthykyclohcxcnc and trifluoroacetic 
acid in the prucna of cone H,SG,, b.p. 67+695’ at 38 mm, nzl+3900. Lit. I@, b.p. 47.5” at 10 mm, 
n; 1.3891. 

‘* H. Anderson and G. N. Stanislow. 1. Org. Chem. 18.1716 (1953). 
I’ P. DiGiorgio. W. Strong, L. Sommcr and F. Whitmore, J. Am. Chem. SM. 68,1380 (1946). 
I’ V. N. Setkina, D. N. Kursanov and E. V. Bykova, Iwest. Akad. Nauk SSSR. Otdd. kkim. Nauk 

1367 (1962). 
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(a) A -Ia of mcthykydohexyitritluoroacctatc (Ml3 mob) in tricthykilanc (W13 mok) was kft 
for 190 hr at 20”. OLC showed that the ructioo gave only tfsm of mcthykydobaxam (08 % of 
theory). In 1400 hr the analysis ~0s reputed but the pcruntage of methykyclobcxanc practkally 

uadungod. 
(b) To a soln of methykydohuxyltrifluoroacttate (OGM mole) and trkthylsilanc @IO6 mole). 

trifluoroacetic acid (0.06 mok) was added and the mixture left for IS0 hr at u)“. GLC showed the 
prod- to contain methykzydohexana in a 76% ykld of theory. 

(c) Cycloluxyltriflwroaatate was synthesized from cyclohcxcnc and trifluoroacctic acid in the 
pracnce of coot. H,!SO,, b.p. 63.5’ at 39 mm, t$ 1.3840. Lit.‘@, b.p. 150” at 759 mm, e 1.3827. 
Equimokcular amounts of cyclohuyltrifluoroaa%ate, trkthylsilanc and trifluoroaatk acid were 
heated at 20” for 170 hr. After conventional treatmnt the mixture was investigated by GLC and 
showed a complete abscna of cyclohexane. 

III. Searrh for hydrogenat&n condi~ionr of wtbramhed ok&s 

Roisiq rhe rrnperame. Experiments were condwztcd for 10 hr at 140” in se&d ampouks at 
ok&o-tricthybtluoroacetate acid ratio of 1: 1:2. No I-hcxcnc wu hydrogenated under these 
conditions. With Zhcxem and cyclohexznc the chromatogram reycakd rmaU peal0 of hcxanc rod 
cyclohcxam, respectively. In the case of cyclohcxene, peaks charackrktic of methykyclopcotenc and 
methykycloptntanc were also found. 

Incnasing the amount of fluoroacetic acid to 3.5 moks per 1 mok of okane and 1 mob of silanc 
gave with thcxcne and cyclohcxenc the aamc results as obtained at 140’. On the other band, 1-hucnc 
was partly hydrogunated to form huanc. It might be sug@ated that the &St step of the ructiQ0 
involves isonurization of I-haxcne to Zbcxcnc followed by its hydrogenation. 

Addition of H,SO, in atdytic amounts faikd to bring about hydrogea~tioo of cyclobcacne at w 
during 20 hr. Ho-r, under that conditions 4-methyl-2-pcntenc was hydrogenated giving methyl- 
pcntane in a 70% yield. This seems to be due to acid i somcrintioo of 4-methyi-+?ntcnc to 2-mcthyl- 
3-pantcne which then undcrgocs hydrogenation. 

N. MLros.5knecm dopers of hyaW&on 

(a) Phenyl-substirured sfbws. To phenyl-substituted &lane (O-01 mok) mcthykyclohexcne (a03 
mok) was added and then trifluorooatic acid (09s mok). In 100 hr the mixtum was treated as usual. 
The yield of methykydohexane amounted to 8 % for monophcnylsilanc, 3045 % for diphc.nylsilanc. 
and I3 ye for triphenylsilanc per hydrogen abstracted as hydride of the ailanc involved in the rcaaioo. 

(b) ffy&uar&n~. To a mixture of 2-methylpcotane (QOl mok) and methyl-l-cyclohcxcnc 
(0.01 mole), trifluoroacetic acid (002 mok) was added. The mixture was heated for 30 hr at Up and 
then treated as usual. Chromatographic analysis rcveakd the praenr of methykyclohexcnc. methyl- 
cyclohexanc. 2-methylpcntane. and 2-methyl-1-pcntcne. 

When the reaction of methyl-l-cyclopcotene. methykyclohcxanc. and trifluoroacetic acid was 
carried out using the same ratio of components and under the same conditions the re+ction prod- 
were found contain methykyclopcntam together with starting products. When using cyclohcptatrienc 
as hydride-ion donor the conditions of the reaction were as follows: to 001 mok of methykyclohexenc 
and 0.03 mole of trifluoroaatic acid, 0.03 mole ofcycloheptatrkne in dccaoc solution was added and 
the mixture kept at 90” for I-5 hr. GLC rcvcakd S-6% of mcthykydohcxanc of theory in the net- 
tion products. It also pointed to the presence of a tropylium ion, idcntifkd as chloroplaGnatc. 

V. Ionic hydqcnation of the awbonyf group 

(a) Merhykrhyfkcrone. To the ketone (0.01 mok) and trifluoroaatic acid (02 mok) was added 
dropwisc with stirring M)l mole of silanc taking care that the tunp did not excud u)” and the mixtum 
was kept at 5s”. The whole system was carefully pro-d from moisture. After 10 hr heating the 
mixture was neutralized with K&O,. the organic layer rparatcd. the aqueous layer extracted by 
ether and the ethereal extracts combined with the organic layer. On removing ether the dried produas 
were distilkd. GLC showed the fraction boiling below 120” to contain the starting ketone. silanc, 
tritluoroaatate of 2-butanol and 2-butanol. The fraction boiling above 1700 was repeatedly distilkd 
&I oocuoand yielded hcxaethyldisiloxanc, b.p. 99-101” at l&12 mm, $1.4341. Lit., 233”. at 734 mm. 

I’ E. J. Boume, M. Stacey, J. C. Tatlow and R. Wamll, 1. Gem. SC. 3268 (1958). 
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n,” 1.4340.” A s pccial experiment showed that trcatmcnt of tricthybilanol trifluoroacetatc with 
K&O, gave bcxacthyldisiloxane in a quantitative yield. The pcrccntage of resulting hydrogenation 
product compoodcd to that of hcxaethyldisiloxanc being 40% of theory. 

(b) Cyclohe~anoru. Experiments were carried out as above. The reaction products were distilkd 
without preliminary treatment and the fraction boiling at 15&200” was collected. This was washed 
with bisulphitc and boiled with KOHaq for 3 hr. The hydrolysatc was poured into a sat. NaClaq. the 
organic layer was scparatcd and combined with ethereal extracts. The ethereal soln was washed with 
sat NaCiaq until neutral. The dried solo was distilled over CaO and analyscd for lapilc H. The 
fraction free of solvent weighed 5.02 g. the specimen 0.831 mg. the pcrantage of active H was 0.67, 
the analysui mixture contained 6660% ofcyclohcxanol. alcohol was obtained in a55 %ykldof theory. 

Hydrogenation of cyclohcxanonc at the kctonc:acid:silanc ratio of 1:2:2 for 20 hr at 55” gave 
rise to cyclohcxanol in a 74% yield. 

(c) Acrropherwnc. @Ol mole of ketone was hcatcd at 55” with 0.03 mok of trifluoroacetic acid and 
0.03 mole of silanc. The reaction was run as dmibcd for rncthykthylkctonc. After standing 15 hr. 
the reaction mixture was distilled on a column with I3 idcal plates and fractions containing cthyl- 
bcnzcnc wcrc colkctcd (the content of cthylbcnzcnc being checked by GLC). Quantitative dctcrmina- 
tions wcrc carried out on the device KhT-63 (gas balance. rcoplcx 20% inner rcfcrcoct compound- 
tolucnc). yield of cthylbcnzcnc was 70% of theory. 

(d) Renmphenonc. The component’s ratio was 1:3:3. The reaction mixture was heated for 
20 hr at SS-60’. The reaction course was followed by chromatography on alumina in the system 
CCI&hf (1:3). Without preliminary d-position a fraction boiling above 200’ was separated 
which gave after freezing b.p. u)o” and after freezing out diphcnylmcthanc m.p. 23-24” in a 94% 
yield of theory. The m.p. of the tctranitrodcrivativc was found to bc 17l”, lit. 1710.- 

(e) Michler’ ketone. Experiments were carried out in argon sweep with the components ratio 
1: 10:4 for 40 hr at 9&95”. The reaction map disintegrated after dissolution into layers with the 
upper one gradually becoming pale and white crystals appearing on the flask walls. The reaction 
mixture was poured into a soda soln. the products extracted with benzene and the extract washed 
with water. The dried soln was freed of the solvent and cold alcohol added to the ppt. The latter 
after recrystallization from alcohol, yielded 75 % of bis-dimcthylaminodiphenylmcthanc, m.p. 89-W; 
lit., m.p. 91”.” 

a G. Parka and R. Morley. J. Chem. SC. 1478 (1936). 
g1 M. Nathansohn and P. Mlllkr. &r. Dtsch. Chcm. 6~s. 22, 1882 (1889). 


