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ORGANOSILICON COMPOUNDS OF THE FURAN SERIES
VIII. REACTION OF TRIETHYLSILANE WITH UNSATURATED
ALCOHOLS*

E. A, Lukevits and M. G. Voronkov
Khimiya Geterotsiklicheskikh Soedinenii, Vol. 1, No. 2, pp. 179-186, 1965

When triethylsilane is reacted with unsaturated primary alcohols such as allyl, cinnamic, and furylallyl
alcohols, in the presence of HyPtCl;, the main reaction is one of dehydrocondensation, With secondary un-
saturated alcohols such as methylallylcarbinol and furylallylcarbinol, dehydrocondensation and hydrosilyla-
tion take place simultaneously. A number of new furylalkoxy- and furyl-alkenoxysilanes are synthesized
and described.

In the presence of HyPtClg hydrosilanes readily undergo dehydrocondensation with organic compounds containing a
hydroxyl group (alcohols, phenols, carboxylic acids) and with water [1-13] according to the equation

' > Si—H+H—O—R ~+> Si—O0—R+H,.

Hydrosilylation also occurs in the presence of the same catalyst. This is an addition of hydrosilanes to unsaturated
compounds [14]

N e Ne: A
~—Si—H+—C=C— - —Si—C—-C—H.
/ RN

When hydrosilanes react with unsaturated hydroxylic compounds, dehydrocondensation and hydrosilylation can oc-
cur side by side. Hence the direction of the process must be determined by structural characteristics of the reactants.

Up to the present the reaction of triethylsilane with allyl alcohol in the presence of HyPtCl; has not been investigat-
ed. In the presence of Pt/C, triethylsilane undergoes only dehydrocondensation with allyl alcohol, while hydrosilylation
products are also formed from the latter and tributyl- and triphenylsilane.

The reaction products were not found to contain [15, 16] compounds with two silicon atoms per molecule, which
could have been formed by simultaneous or consecutive hydrosilylation and dehydrocondensation

L] [
>Si——H+HO-C—C=C+H—Si— - *Si—O-—C—C—C—Sié-{-sz.
Co1 : b N
A patent [17] states that in the presence of Pt/y-Al,O;, pentamethyldisoloxane undergoes dehydrocondensation with
allyl alcohol. With tetramethyldisiloxane, hexamethylethyltrisiloxane, and heptamethyltrisiloxane hydrosilylation occurs,
though judging by the low hydroxyl contents found analytically, traces of dehydrocondensation products may be present.

The present investigation was concerned with how the reaction of triethylsilane with unsaturated alcohols is affected
by the structwre of the latter. Allyl alcohol, the simplest, reacts with triethylsilane in the presence of HyPtClg - 6HyO
with evolution of hydrogen (~90% theoretical). The reaction, which is exothermic, starts at room temperature. Two
compounds, containing one (I) silicon atom per molecule, and two (II), were isolated from the reaction products, Com-
pound I was found not to contain a hydroxyl group, so that it was formed by dehydrocondensation:

CH,—CHCH,OH + HSi(C;Hz); — CH,—CHCH,0Si(C,Hy),+H, .
(1

Its physical constants are the same as those of triethylalloxysilane, synthesized from allyl alcohol and triethylchlorosilane
in the presence of pyridine.

Compound II can be formed by addition of a second molecule of triethylsilane to triethylalloxysilane, or by hydro-
silylation of allyl alcohol with subsequent dehydrocondensation of the resultant 3-triethylsilylpropan-1-ol. Separate ex-
periments showed that under the conditions used to react triethylsilane with allyl alcohol (20-60°% 1 hr), the former does
not add to triethylalloxysilane. Some reaction is observed only when the reaction mixture is boiled (100-110°) for 24 hr.
On the other hand 3-(triethylsilyl)propan-1-ol reacts as energetically with triethylsilane as does allyl alcohol. So it must
be assumed that II is formed from the product of hydrosilylation of allyl alcohol according to the equation:

(C;Hs);SiH+ CH,=CHCH,0H — (C,H;);SiCH,CH,CH,0H
(C;Hs);SiCH,CH,CH,OH + HSi(C,H;)3 — (CyH5);Si(CH,)308i(CoHy)y+ H, .
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Some decrease in the amount of hydrogen evolved on reaction of triethylsilane with allyl alcohol may also be due
to partial hydrogenation of the double bond [18]. However, it was not possible to isolate any reduction products.

Thus when triethylsilane is reacted with allyl alcohol in the presence of HyPtCl, « 6H,0, the main reaction is de-
hydrocondensation (~75%), with an unimportant degree of hydrosilylation (~11%) followed by dehydrocondensation of
the resultant organosilicon alcohol with a second molecule of triethylsilane.

It may be assumed that this proportion will vary depending on the structures of the hydrosilane and unsaturated al-
cohol, and possibly with the reaction conditions, too.

The mode of reaction is unaffected by replacing a hydrogen in the allyl alcohol molecule by a phenyl or furyl
group. Reaction of cinnamic alcohol and 3-(2-furyl)allyl alcohol with triethylsilane in the presence of HyPtClg - 6H,0
leads to dehydrocondensation:

RCH=CHCH,OH + HSi(C,Hs)3 -~ RCH=CHCH,0Si(C,H;);+H, ,
where R is phenyl or 2-furyl.
These reactions also take place in the presence of sodium metal, though much more slowly,

The reaction products were identified by comparing their constants with those of triethyl-3-(2-furyl)alloxysilane
and triethyl-8-(2-furyl)propoxysilane {and their phenyl analogs), prepared according to the equations:

CsHzN
RCH=CHCH,0H + CISi(C;Hz); ——— RCH=CHCH,08i(C,H;);+ CsH;N . HCI

HoPiCl
RCH,CH,;CH,0H + HSi(C;H;); paliaiy RCH,CH,CH,08Si(C,H;);+ H,,
where R = 2-furyl, phenyl.

It is of interest to note that introducing the triethylsilyl group into the allyl alcohol molecule (unlike the phenyl or
furyl group) cuts the velocity of dehydrocondensation to such an extent that the hydrosilylation product of propargyl alco-
hol, 3-triethylsilylprop-2-ene-1-ol, can be obtained in good yield:

(C,H;5);SiH + CH==CCH,OH — (C,H;),SiCH=CHCH,OH.
80%

Only a small amount of the product of further dehydrocondensation is formed:

(C;H;)sSiCH=CHCH,0H+ HSi(C,Hz); — (CyHs);SiCH—=CHCH,0Si(CyHg)s+H, .
13%

It should also be mentioned that on changing from saturated alcohols to those with a double or triple bond, the rate of de-
hydrocondensation is diminished, due to the —I effect of alkenyl and alkynyl groups. For example allyl alcohol reacts
more slowly with triethylsilane than n-propanol, Actually in the case of propargyl alcohol, dehydrocondensation is com-
pletely replaced by hydrosilylation [19, 20]

The reactivity of alcohols in the dehydrocondensation reaction decreases in the order primary, secondary, tertiary
[1] Hence only hydrosilylation occurs [8, 14, 21-26] when unsaturated tertiary alcohols react with hydrosilanes in the
presence of HyPtClg -+ 6H,0. Both dehydrocondensation and hydrosilylation occur with secondary acetylenic alcohols [8]
So far the reaction of secondary alcohol containing a double bond with hydrosilanes in the presence of HyPtCl, - 6HpO has
not been investigated.

It has now been found that 4-(2-furyl)but-1-ene-4-ol undergoes reaction with triethylsilane accompanied by hydro-
gen evolution, only when the reaction mixture is heated to boiling. Two reaction products were obtained, To establish
their structures a "counter” synthesis of all expected hydrosilylation and dehydrocondensation products was carried out.
Triethyl-4-(2-furyl)but-1-ene-4-oxysilane was obtained by reacting 2-furylallylcarbinol with triethylchlorosilane in the
presence of pyridine:

N
\ >~CHOHCH2CH CH2+CIS|(CQH5)gi—i->< >\——CHCH2CH=CH2+C5H5N-HCI.
0 o/
08i(CyHs)s

A Grignard reaction between furfural and 3-(triethylsilyl)propyl magnesium chloride gives 1-(2-furyl)-4-(triethylsilyl)
butan-1-ol:

>\——CHO+ClMg(CHz)asi(CzH5)3 —_’_>< >\—CHOH(CH2)SSi(C2H5)3+ Mg(OH)Cl,
0 0 .

/X
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and dehydrocondensation of the latter with triethylsilane in the presence of HpPtClg converts it to triethyl-4-triethylsilyl-
1-(2-furyl)butoxysilane:

— HPtCls ,—
<O\>—-CH0H(CH2)3Si(C2H5)3+ HSi(C,Hs); —’-—_>< 0>—?HCH20H20HZSi(CZH5)3+ H,
08i(C;Hs),
Comparison of the products of reaction of 4-(2-furyl)but-1-ene-4-ol with triethylsilane with the above compounds showed
that the compounds isolated were 1-(2-furyl)-4-(triethylsityl)butan-1-ol (yield 11%), and triethyl-4-triethylsilyl-1-(2-
furyl)butoxysilane (yield 24, 4%):

{M\> —CHOHCH,CH=CH,+ HSi(C;Hs)s —
0

7 N AR .
- \O>—CHOH(CH2)SSl(C2H5)a +<O>%CHCH2CH2CH251(C2H5)3
0Si(C,H;);

A similar reaction of triethylsilane with pent-1-ene-4-ol gave triethylpent-1-ene-4-oxysilane and triethylsilyl-
pentoxysilane in 28% and 36. 4% yield, respectively.

Thus both dehydrocondensation and hydrosilylation take place simultaneously when triethylsilane reacts with sec-
ondary ethylenic alcohols in the presence of HoPtCl, + 6Hy0.
EXPERIMENTAL

Starting reactants. 3-chloropropyltriethylsilane is prepared in 77. 3% yield from 3-chloropropylethyldichlorosilane
and CoHyMgBr. 3-Triethylsilylpropan-1-ol is synthesized from C,H;MgBr and 3-acetoxypropylethyldichlorosilane, yield
70. 6%, The latter compound is prepared by hydrosilylating allyl acetate with ethyldichlorosilane in the presence of
HgPtClg « 6H,O (yield 81. 6%).

Reaction between triethylsilane and alcohols. The reaction takes place in a 3-necked flask fitted with a reflux con-
denser, thermometer, and dropping funnel. The triethylsilane and catalyst (0.1 M HyPtCl; - 6H,0 in isopropanol) are put
into the flagk, and the alcohol is added dropwise*. Then the reaction mixture is heated. When reaction is complete the
unreacted starting materials are distilled off, and the residue vacuum-distilled. The quantities of reactants and catalyst,
the reaction conditions, and the product yields are given in Tables 1-3.

Reaction of triethylchlorosilane with alcohols. Reaction is effected in a three-necked flask with gas-tight stirrer, a
reflux condenser fitted with a calcium chloride tube, and dropping.funnel. A 50% ether solution of the alcohol, plus the
pyridine, is placed in the flask, and the triethylchlorosilane mixed with an equal volume of ether is added with vigorous

TABLE 1

Dehydrocondensation of triethylsilane with saturated primary alcohols R—CH,CH,CH,OH

Amounts. of reactants . L Yi
lesol 54 Yield
R Alcohol Triethylsilane | o1 m |88 o § ¢
: : ‘ HPiCl, S & SE| g %
g mole g mole m 228 &
H 5.0 0,083 8.7 0.075 0.03 20 16 119 | 90.7
CeHs 6.8 0.05 5.8 0.05 0.03 70 0.5 9.1 | 734
2-furyl . 6.3 0.05 58 0.05 0,03 80 3 109 | 908
(CHs) 3Si 8.7 0.05 58 0,05 0.03 50 1. 119 | 826

* After exothermic period.

stirring and ice cooling. The reaction mixture is refluxed on a steam bath, and when reaction is complete, the precipi-
tate of pyridine hydrochloride is filtered off and washed with ether. After distilling off the ether the reaction products are
separated by vacuum distillation, Tables 3 and 4 give the quantities of starting reactants, reaction conditions, and prod-
uct yields.

Reaction of triethylsilane with propargyl alcohol. 5.6 g (0.1 mole) propargyl alcohol are added to 11,6 g (0.1

mole) triethylsilane and 0. 04 ml of a 0. 1 M solution of HyPtCl - 6H,0 in isopropanol. The reaction mixture is heated
3 hr at 70-80°, then 3 hr at 120°, Vacuum fractionation gives 13.8 g (80%) 3-triethylsilylprop-2-ene-1-ol boiling 84-

85°/2 mm, and 1.9 g (13.3%) triethyl-3-triethylsilylprop-2-eneoxysilane boiling 119-122°(2mm).

¥ Allyl alcohol and triethylsilane are added dropwise simultaneously.
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Synthesis of 1-(2-furyl)-4-(triethylsilyDbutan-1-ol. 4.8 g (0. 2 g-at) magnesium and 50 ml dry ether are placed
in a three-necked round-bottomed flask fitted with reflux condenser and calcium chloride tube, gas-tight mechanical
stirrer, and dropping funnel. A small crystal of iodine and 1 ml ethyl iodide is added, followed by 38.5 g (0. 2 mole)
3-chloropropylethylsilane in 40 ml ether; which is added dropwise. The reaction mixture is stirred vigorously and re-
fluxed on a steam bath for 3 hr. A solution of 14.4 g furfural (0. 15 mole) in 25 ml ether is added, with ice cooling, to
the resultant solution of 3-(triethylsilyl)propyl magnesium chloride, Next day the reaction mixture is reflixed on asteam
bath for 4 hr, and then decomposed with 5% acetic acid. The ether layer is neutralized with soda, and dried over MgSO,.

The ether is distilled off, and the residue vacuum-distilled. Yield: 14.2 g (37.2%) of 1-(2-furyl)-4- (triethylsilyl)butan -
1-ol boiling at 124°(1mm).

TABLE 2

Reaction of triethylsilane with unsaturated primary alcohols R—CH==CHCH,0H

Amounts of reactants b | Yield
& i S-S
Alcochol Triethylsilane] o, u p B
® = 4 HzPltCls, Qg9 :«; é’ g %
g | mole | g |mole| mL 288 | &3 \

H 180 | 031 348 1 0.3 0.1 1o 60 i 380% | 754
CeHs 13.2 0.098 116 | 0.1 0.05 to 60 I 20.7 84.6
CgHs 6.7 0.05 58 | 0.05 0.02%* 100—105 17.5 38 | 303

2-furyl 124 0.1 11.6 | 0.1 0.5 to 80 2 11.8 49.6
.2.-fury1 6.2 0.05 58 ! 0.05 0.02%* 100—105 15 1.5 12,6
(CoHe)3Si: | 8.6 \ 0.05 58 | 0.05 0.03 100—105 8 53 | 37

* 6 g product resulting from reaction with 2 molecules of (C,H;)SiH also isolated,
** Amount of sodium in g.

TABLE 3

Reactions of triethylsilane and triethylchlorosilane with secondary alcohols
R—CH,CHOH~R’

Amounts of reactants . o . Yield
| Triethyl | | Pyridine |§ & 9|8 <
R R’ AlCOhO].‘..iilEEe___Ei e .(3 % 6;%.&- “é g | s
o=t = i .
g!rnolel g |moleSZE & mole |§ @ 2|8 A
Reaction with triethylsilane
{C2H;)sSiCH,CH, | 2-furyl | 5,0]002 2.3]0,02 |0.02 100 | 10 |24 1326
CHy=CH 2-furyl 13801 (11601 |01 20—25| 16 {28 |11
g 120 5 |4.5% 244 ;
CH,=CH CH; | 4.3]0,05 5.8(0.,05 |0.03 20—25| 16 |28 {28
90—100{ 11 |2.9% 364
CHCH, . CH; | 441003/ 5810,05 | 0,04 100 6 |58 (574
. Reaction with triethylchlorosilane o
CH,=CH | 2~furyl | 6.9 0,08 7.510,06 451 0,057 |20—25 | 16 6.1 | 484
i 35—40 { 5
CH,=CH CH; | 3.5]0.04| 5,7|0,038 3.5]|0.044 | 20—25 | 16 |4.3 |56.6
L . 3540 | 3

* Product of reaction with 2 molecules of (CyHz)sSiH.
TABLE 4

Reaction of triethylchlorosilane with unsaturated primary alcohols R—CH=CHCH,0H

Amounts of reactants ] n Yield
R Alcohol | Triethylsilane | Pyridine _ |Reaction 5
— — time, hr| 8§ | %
g | mole { 8 | mole | g | mole
i |
H 3,1 0,053 | 75 0,05 45 | 0057 3 62 72
- CgHs 67 | 0,05 75 | 005 45 | 0057 6 98 | 79
¢ 2-furyl 62 | 0.5 75 | 0,05 45 | 0,057 3 90 | 755
(CzHs)3Si 45 | 002 | 37 | 0025 | 22 | 0028 3 58 | 81
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