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treated silicon tetrachloride with sodium ^-butoxide 
under various conditions was tri-/-butoxychlorosil-
ane. 

While other investigators have been able to ef
fect the attachment of a fourth i-butoxy group to 
silicon only after considerable effort, they have been 
able to synthesize, with comparative ease, several 
tri-i-butoxyalkoxysilanes from the monochlorosil-
ane and the sodium alkoxides of sterically less hin
dered alcohols. Thus, Backer and Klasens7 have 
synthesized tetralkoxysilanes in which the fourth 
group is ethoxy or isopropoxy, and Breederveld and 
Waterman1 have prepared similar compounds con
taining 1-ethylpropoxy and cyclohexyloxy groups. 

The successful synthesis of tetra-^-butoxysilane 
reported herein depended upon the unique behavior 
exhibited by silicon tetrafluoride toward alcohols.9 

Contrary to the marked reactivity shown by other 
silicon halides, silicon tetrafluoride dissolves read
ily in all of the lower alcohols at room temperature 
with but slight evidence of reaction.10,11 Unstable 
complexes of the type SiF4-4ROH12 are evidently 
formed, which decompose when heated, liberating 
some silicon tetrafluoride. 

The method of synthesis was similar to that used 
by Klippert13 for the preparation of tetraethoxysil-
ane, namely, the reaction of silicon tetrafluoride 
with a sodium alkoxide. In order to obtain a high 
yield of the fluorine-free product, it was found nec
essary to use a smaller excess of silicon tetrafluo
ride, and to reflux the reaction mixture for an ex
tended period of time once the addition of the gase
ous fluoride had been completed. Unless these con
ditions were employed, tri-i-butoxyfluorosilane 
became the major product of the reaction, although 
the total over-all yield of both products was lower. 
It is possible to account for the preponderance of 
the monofiuorinated product under the less favor
able conditions by assuming that the excess silicon 
tetrafluoride reacts with the tetra-i-butoxysilane 
present in the reaction mixture. A similar interac
tion is known to occur when tetraethoxysilane is 
treated with silicon tetrafluoride.u 

The hydrolytic behavior of the monofiuorinated 
material seemed interesting. The Si-F linkage was 
only partially hydrolyzed initially by 0.1 N sodium 
hydroxide, but when the alcoholic solution of the 
compound was allowed to stand overnight in the 
presence of excess dilute alkali, complete hydrolysis 
took place. It is likely that this effect can be 
accounted for, at least in part, by steric factors. 

Experimental 

Tetra-i-butoxysilane.—Sodium <-butoxide was prepared 
from 57.5 g. (2.50 gram atoms) of sodium and 1.5 1. of t-
butyl alcohol, freshly dried by distillation from sodium 
meta l . u The mixture was stirred under reflux for 20 hours, 
then cooled slightly to just below reflux temperature. Sili
con tetrafluoride (1.50 moles) was prepared by a modifica
tion of the procedure of Hyde and Domicone." To a mix-
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ture of 178.0 g. (1.00 mole) of ammonium fluosilicate and 
30.0 g. (0.50 mole) of powdered silica contained in a lead 
reactor was added 222.0 g. (2.14 moles, 120 ml.) of 9 5 % 
sulfuric acid, dropwise over a period of 6 hours. The gas 
so generated was passed through a Dry Ice trap and then 
into the hot, stirred solution of sodium i-butoxide. After 
the addition had been completed, the reaction mixture was 
stirred under reflux for 112 hours, then tested with pK paper 
and found to be neutral. After filtering to remove solid 
inorganic fluorides, the mixture was distilled at atmos
pheric pressure to recover the excess /-butyl alcohol. The 
residue was fractionally distilled under reduced pressure. 
Five fractions were obtained, each of which was refraction-
ated carefully to afford tetra-i-butoxysilane, b .p . 105-
105.5° (15 mm.) , m.p. 56.5-57° (uncor.), yield 103.2 g. 
(51.6%). The infrared spectrum showed a band at 9.37 
li, characteristic of Si-O absorption. No Si-F absorption 
was noted. 

Anal. Calcd. for C16H36O1Si: C, 59.95; H, 11.32; Si, 
8.75; mol. wt. , 320.5. Found: C, 60.6; H, 11.7; Si, 
8.76; mol. wt. (cryoscopic, in benzene), 330.4. 

There also was obtained a small amount of impure tri-2-
butoxyfluorosilane (see below), yield 9.0 g. (4.1%). 

Tri-i-butoxyfluorosilane.—The same general procedure 
was used. Important variations involved the use of a 
larger excess of silicon tetrafluoride (0.75 mole for 1.00 mole 
of sodium i-butoxide) and the omission of the extended re-
fluxing period following the addition of the silicon tetra
fluoride. From the reaction mixture there was obtained 
tri-2-butoxyfluorosilane, b .p . 78.5-80.5° (15 mm.) , K26D 
1.3831, d*h 0.9054, yield 17.9 g. (20.2%). The infrared 
spectrum showed absorption bands at 9.25 and 11.35 ^, 
characteristic of Si-O and Si-F absorption, respectively. 

Anal. Calcd. for Ci2H27FO3Si: C, 54.10; Si, 10.53; F, 
7.13; mol. wt., 266.4; MR0, 68.51.16 Found: C, 53.0; 
Si, 10.62; F , 7.00; mol. wt. (cryoscopic, in benzene), 272.3; 
MR-D, 68.66. 

A lesser amount of impure tetra-2-butoxysilane was iso
lated also, yield 10.7 g. (13.4%). 
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The anilides of sugars and the phenylhydrazides 
of sugar acids have long been used for purposes of 
characterization and purification and not infre
quently it becomes necessary to recover the parent 
sugar or sugar acid from these derivatives. Usually 
the recovery entails cleavage of the anilide or phen-
ylhydrazide with dilute mineral acid followed by 
neutralization of the mineral acid, extraction of the 
base and finally isolation of the sugar or sugar acid. 

It has been shown previously that acids acting 
in solution as catalysts for acetal formation can be 
replaced satisfactorily by insoluble acids in the 
form of cation exchange resins.2-4 

(1) Paper No. 329S. Scientific Journal Series, Minnesota Agricultural 
Experiment Station. 

(2) J. E. Cadotte, I''. Smith and D. Spriestersbaeh, THIS JOURNAL, 
74, 1501 (1952). 

(3) F. Smith and D. Spriestersbuch, ibid.. 76, 4191 (1951) 
(4) W. 11. Wudmari. J. Chem. Soc, 31151 (1952). 



3142 N O T E S Vol. 77 

We now have shown tha t these same insoluble 
cation exchange resins are effective in the liberation 
of sugars from sugars anilides and acids from their 
phenylhydrazides. The use of a cation exchange 
resin has certain advantages over mineral acid in
asmuch as the reaction proceeds smoothly, it can be 
done on a micro-scale, the yield of product is essen
tially quanti tat ive, and furthermore the base liber
ated in the reaction is absorbed completely by the 
resin thus facilitating the isolation of the desired 
sugar or sugar acid. 

Experimental 

Hydrolysis of Anilides.—The general procedure was as 
follows: A suspension of the sugar anilide (0.05-0.1 g.) and 
the cation exchange resin (Amberlite IR 12O)5 (0.5 g.) in 
water (10 ml.) was refluxed until the anilide had gone into 
solution and the rotation became constant. This required 
from 20 minutes to one hour. The addition of 10 to 20% 
cthanol decreased the time required to solubilize the anilide. 
The resin was removed by filtration and the colorless solu
tion concentrated in vacuo to a sirup which was crystallized 
if possible in the usual way. Some typical results are 
quoted in Table I. 

rived from N-monoacylpiperazines were prepared. 
The general synthetic route was 

Anilide 

-',3,4,<i-Tetra-0-
methyl-D-glueose 

2,3,4,6-Tetra-O-
methyl-D-galaetose 

,4-Di-O-methyl-u-
galaetosc 

!-Galactose 

Wt., 
mg. 

80 

100 

117 

108 

TABLE I 

Wt., 
mg. 

56 . 5 

41 

88. o 

71 .3 

S i 

Yield 

% 
93 

34" 

9.5 

!.Ii 

gar regenerated 

M.p., 
0C. 

88 

Liquid 

»0-91 
(hydrate) 

166 

ta l H 2 ° 
(equil.) 

+ 83° 

+ 108 

+ 82 

4- 77.5 

Ref 

6 

7, S 

9 

10 

" This was the yield of distilled product. Prior to dis
tillation the yield was almost quantitative. 

By the same procedure, the anilides of 2,3,4-tri-Omethyl-
D-galactose, 2,4,6-tri-O-methyl-D-galactose, 2,3,4-tri-O-
methyl-L-rhamnose and 2,4-di-O-methyl-D-arabinose have 
been converted into the parent methyl sugars. 

Hydrolysis of Sugar Acid Phenylhydrazides.—The same 
reaction can be employed for the regeneration of sugar acids 
and their O-methyl derivatives from the corresponding 
phenylhydrazides. For example, 2,3,6-tri-O-methyl-D-man-
nonic acid was obtained readilv from its phenylhvdrazide 
and crystallized as the lactone,11 m.p. 83-84°, Ja]25D + 6 8 ° 
(water, c 1). The time for the hydrolysis of the phenylhy
drazides is somewhat longer. 
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In a search for compounds having anti-acetyl-
choline activity, a number of quaternary salts de-

(1) The work here reported is part of a joint project, with the 
Phin rii;irologv Dt-partmenl of these laboratories. 
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Compound V was prepared by catalytic debenzyla-
tion of the benzyl tert iary amine IV. Compound 
X I was obtained from the base of V by refluxing 
with excess ethyl iodide in the presence of potas
sium carbonate. 

In most cases the ter t iary amines were isolated 
and characterized as the hydrochlorides. These 
salts showed little or no physiological activity and 
were not investigated intensively. The quaternary 
salts X V - X V I I I showed appreciable atropine-like 
activity (20-200% of atropine when tested on iso
lated guinea pig ileum) and are being examined 
with a view to possible chemical trial. 

Experimental 

Diphenylacetic acid and (3,j3-diphenylpropionic acid were 
obtained "from commercial sources. 1-Phenylcyclohexane-
carboxylic acid2 (for compounds XI I -XV) , xanthene-9-
carboxylic acid3 and X'-methylpiperazine-' were prepared by 
literature methods. N-Ethylpiperazine was prepared by a 
modification of the Moore procedure.5 Since this variation 
offers some practical conveniences it is given in detail. 

N-Ethylpiperazine.—In a 3-1. flask was placed 159 g. (1 
mole) of piperazine dihydrochloride (recovered from pre
vious operations), 200 cc. of water and 84 g. (1 mole) of so
dium bicarbonate. The solution was warmed until the car
bon dioxide had been driven off and 1 I. of alcohol was added. 
To the stirred refluxing solution was added 156 g. (1 mole) of 
ethyl iodide6 and 84 g. of solid sodium bicarbonate. The 
solution was allowed to reflux overnight. It then was 
cooled and 84 g. of sodium bicarbonate was stirred in while 
100 cc. (113 g., 1.05 moles) of ethyl chlorocarbonate was 
added. After standing an hour the solution was acidified to 
congo paper with hydrochloric acid and the solvent was re
moved in vacuo. Water was added to dissolve the salts and 
dicarbethoxypiperazine (70.7 g., 31%) was removed by ex
traction with ether. To the aqueous layer was added 
cracked ice and 200 cc. of 40% potassium hydroxide solution. 
The bases were extracted with ether and dried over potas
sium carbonate. Fractional distillation afforded 10 g. (7%) 
of diethylpiperazine and 71 g. (38%) of N-ethyl-X'-car-
bethoxypiperazine6 (b.p. 127-130° at 17 mm.) . 

The carbethoxyethyl piperazine was refluxed 30 hours 
with 120 cc. of water and 180 cc. of coned, hydrochloric acid 
and the solution was evaporated in vacuo. The residue was 
dissolved in methanol, neutralized with sodium methylate 
(from 9 g. of sodium) filtered from salt, and distilled at at
mospheric pressure under a fractionating column. There 
was obtained 34 g. (30% from piperazine) of N-ethylpipera-
zine, boiling at 126-129°. 

N-(|3,/3-Diphenylpropionyl)-N'-benzylpiperazine (IV).— 
Six grams of benzylpiperazine7 was added to a solution of 
/3,/3-diphenyIpropionyl chloride in 50 cc. of anhydrous ether. 
There was considerable evolution of heat and solid sepa
rated. The mixture was allowed to stand overnight and 
then filtered. The solid was washed with benzene and re-
crystallized from aqueous alcohol. It melted at 255° and 
at 236-240° when mixed with benzvlpiperazine dihydro
chloride.' The yield was 8.5 g. (63%). 
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