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A New Anhydride of D-Glucose : D-Glucosan < 1,4 > p < 1,6 > 
BY R. J. DIMLER, H. A. DAVIS ~ N D  G. E. HILBERT 

The vacuum pyrolysis of starch yields, in ad- 
dition to D-glucosan < 1,5> p< 1,6> (levogluco- 
san),2 a complex mixture of other compounds. 
h new anhydride of D-glucose has now been 
isolated from this mixture and shown to be D- 
glucosan < 1,4 > 0 < 1,6> (I). 
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(I) n-Glucosan<1,4>P< 1,6> 

The isolation of D-glucosan< 1,4> P <  1,6> 
from the starch pyrolysate was facilitated par- 
ticularly by the ease of distillation of the glucosan 
triacetate and by the resistance of the glucosan 
to oxidation with periodic acid. D-Glucosan 
< 1 ,4 > /3 < 1,6 > remained in the mother liquor 
after crystallization of niost of the levoglucosan 
from the pyrolysis distillate. Further frac- 
tionation was effected by distillation of the acetyl- 
ated mother liquor. Although the acetates of D- 
glucosan < 1 ,4 > 0 < 1,6 > and of levoglucosan co- 
distilled, part of the triacetyllevoglucosan was 
removed from the distillate by crystallization from 
isopropanol. The D-glucosan < 1,4 > /3 < 1,6 > was 
freed of the last portion of accompanying levo- 
glucosan by oxidation of the deacetylated ma- 
terial with periodic acid. Acetylation of the 
residue, followed by distillation, then yielded the 
crystalline triacetate of the new glucosan. 

On the basis of its properties, including stability 
in 0.2 N hydrochloric acid a t  25', D-glucosan 
< 1,4 > 0 < 1,6 > apparently differs from the cellu- 
glucosan of H e ~ s , ~  the a-glucosan of Pictet,' and 
the Brig1 anhydride.6 The physical constants and 
greater solubility of the glucosan and its deriva- 
tives clearly differentiate it from levoglucosan. 

The D-glucosan < 1,4> 0 < 1,6> structure (I) 
has been assigned on the basis of the following 
evidence : 

The coiiipouud is non-reducing and yields 
D-glUCOSe on acid hydrolysis. These facts, in 
conjunction with the elementary analysis, indi- 
cate that the compound is an anhydride of D- 

1. 

(1) One of the laboratortes of the Bureau of Agricultural and In- 
dustrial Chemistry, Agricultural Research Administration, U. S. 
Department of Agriculture. Article not copyrighted. 

(2) Wolff, Olds and Hilbert, in preparation. 
(3) Hess, Weltzien and Messmer, Ani : . ,  436, 1 (1923). 
(4) l'ictet and Caston, Helu.  chim. acta. 8 ,  645 (1920). 
(G) Brixl, %. plryaiol. Clrc?tt., 116, 20 (1021); 122, 2.15 (1!)22). 

glucose with the hydroxyl group on carbon atom 
number 1 participating in an anhydro-linkage. 

2. The acefate has the correct molecular weight 
and analysis for a monomeric glucosan triacetate. 

3. The ring structure was established as 
< 1,4 > < 1,6 > by a study of the trimethyl ether 
of the glucosan. Acid hydrolysis of this deriva- 
tive gave the known sirupy 2,3,5-trimethyl-~- 
glucosel8 which was characterized as the crystal- 
line phenylhydrazide of 2,3,5-triinethyl-~-gluconic 
acid. 
4. Confirmatory evidence for the, ring closure 

on carbon atom number 4 was provided by the 
preparation of 2,3,5,6-tetramethyl-~-glucose from 
the trimethyl glucosan. The transformation was 
effected by methanolysis of the trimethylglucosan 
followed by methylation of the resulting methyl 
trimethylglucoside. to a methyl tetramethyl- 
glucoside which was hydrolyzed to 2,3,5,6-tetra- 
methyl-D-glucose. The tetramethyl glucose was 
identified by conversion to the known phenyl- 
hydrazide of 2,3,5,6-tetramethyl-D-gluconic acid.7 

The presence of the < 1,6 > ring was further 
substantiated by preparation of the tri-p-toluene- 
sulfonate of the glucosan. The toluenesulfonyl 
groups were stable toward sodium iodide in 
acetone for two hours a t  looo, as would be ex- 
pected if the primary hydroxyl on carbon atom 
6 were engaged in ring c!osure. 

6. The 0-configuration for the < 1,6> ring 
was assumed, since it gave the only structure for 
which a molecular model could be constructed. 

The new glucosan thus has been shown to differ 
structurally from levoglucosan only in containing 
a furanose (1,4) ring instead of a pyranose (1,5) 
ring. The stability of D-glucosan < 1,4 > /3 < 1,6 > 
in 0.2 N hydrochloric acid a t  25" is noteworthy 
in view of the ease of hydrolysis of furanosides. 
The combination of a 1,6-ring with the furanose 
ring has stabilized the furanose structure so that 
D-glucosan < 1,4 > 0 < 1,6 > is similar qualitatively 
to alkyl glucopyranosides and levoglucosan in its 
behavior toward acid hydrolysis. Hudson has 
called attention to the even more remarkable 
stability of the double lactol ring system in the 
case of sedohcptulosan, which he has shown to 
contain an ethylene oxitlc and septanose ring.* 

D-Glucosan < 1,4 > p < 1,6 > , containing a trans- 
glycol structure, showed essentially complete 
resistance to  periodate oxidation under the condi- 
tions used for estimation of vicinal hydroxyl 
 group^.^ Lead tetraacetate in acetic acid also 

5 .  

( G )  Smith, J .  Chcrn. Soc., 571 (1044). 
(7) Levene and Dillon. J. B i d .  Chcm., 91, 769 (1930). 
(8) Hudson, THIS JOURNAL, 60, 1241 (1938). 
(9) Jacksou (Adams, Editor in Chief), "Organic Reactions," V d  

11, John Wilcy :Ind S o u r ,  New Vork, N. Y., 1914. pp. 341--37(1. 
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failed to oxidize the glucosan during six days a t  
23'. It seems probable that the unique resist- 
ance of the glycol group to oxidation is a combined 
effect of the trans-glycol configuration and the 
rigidity conferred upon the spatial arrangement 
of the hydroxyl groups by the double lactol ring 
structure. trans-Glycols have been shown to be 
less readily oxidized than cis-glycols by periodate. 
None of the reported compounds, however, with 
the possible exception of D-glucosaccharo- 1,4- 
lactone, failed to react in a relatively short time. 
'The trans-glycol grouping in the 1,4-lactone of 
glucosaccharic acid was, according to Smith,Io 
unaffected by periodate in a period of one hour a t  
rooin temperature; no quantitative data were 
given for this or longer periods of reaction. 
Other compounds containing trans-glycol group- 
ings which have been studied by various workers 
include cyclohexanediol," 1,4-monoanhydro-~,~- 
xylitolIi2 a-methyl arabof~ranoside, '~ 5,6-niono- 
acetone-&ethyl galactofuranoside, l 4  and starch. l6 
A11 of these compounds were completely oxidized 
a t  t.lie glycol group in less than twenty-four hours 
a t  rooiii temperature, and in inost cases were 
marly through reacting in one or two hours. 

'The unexpected failure of the trans-glycol group 
in D-glucosan< 1,4> p< 1,6> to be cleaved by 
pcriodate oxidation may be characteristic of such 
a group in other coiiipounds with similar ring 
systcnis. Conclusions concerning the absence of 
vicinal hydroxyl groups in compounds of this 
type, therefore, cannot be based merely on the 
failure of periodate oxidation to effect cleavage. 

Experimental 
Starting Material.-hInsf of tlic levoglucowi i i i  tlie 

starch pyrolvsatc was removed by crystallizatioii frriin 
acetone.a The concentrated mother liquor was acetylat cd 
in pyridine ( 5  parts) with acctic anhydridc (3 parts), 
initially a t  about 5". then a t  room temperature for fifterii 
hours. Concentration of the acetylation mixture at 15 
mm. pressure and a bath temperature of 80" gave a thick 
sirup which mas distilled a t  0.1 mm. pressure. The ma; 
terial distilling a t  a vapor temperatiire of about 110-150 
was collected as the "glucosan acetate" fraction. Some 
levoglucosan triacetate, usually amounting to  about one- 
third of the distilled acetate, wa5 separated by dissolviiig 
the "glucosan acetate" fraction in 5 parts of hot isopro- 
panol and alloiviiig the solution to stand at 25" until 
crystallization was complete. The filtrate from the levo- 
glucosan triacetate separation was concentrated, and 
deacetylated with an excess of either methanolic barium 
hydroxide or barium methylate. The deacetylation 
mixture was filtered and concentrated to  a sirup, which 
was dissolved in water and freed of barium with sulfuric 
acid. After being concentrated under vacuum to  remove 
some of the acetic acid, the solution was diluted with water 
to  give a concentration of about 5 5  solids and adjusted, 
if necessary, to  PH 4.5 to  6.0 with sodium carbonate. 

Isolation of Triacetyh-glucosan < 1,4 > 13 <1,6 > .- 
For the destruction of the levoglucosan still i n  the mixture, 
a 30% solution of periodic acid was added, the quantity 
being 2570 in excess of the amount shown to be required by -- 

( I O )  Smith.  J .  Ch?iu. SO~. ,  633 (1944). 
(11) Price and  Knell, Tnxs J O U K N A I . ,  64, ,5.52 ( l !M2) .  
(12) Carson a n d  hlaclny. i b i d . ,  61 ,  150Y ( 1 ! 1 6 J .  
(13) Jackson and  Hudson, rb id . ,  69, 9Y.I (1937). 
(14) Pacsu and  Trister, i b i d . ,  65, 2301 (1940). 
(15) Jackson and  Hudson, i b i d . ,  59, 2049 (1037). 

analysis9 of an aliquot. The temperature of the solution 
was held at about 15" during and for about four hours 
after addition of the periodic acid. The solution was then 
allowed to  stand at room tcrnperature for fifteen hours. 
After neutralization with a hot solution of barium hy- 
droxide, the oxidation mixture was cooled and filtered to 
remove the barium salt precipitate. l o  the filtrate was 
added an amount of 300/, solution of phenylhydrazine in 
ethanol, equivalent to 3 moles of phenylhydrazine for each 
mole of periodic acid used in the oxidation. After standing 
twenty-four hours a t  25", the mixture was decanted 
through a filter to  remove the precipitated oil containing 
the reaction product of phenylhydrazine with the dialde- 
hydeI6 formed by periodate oxidation of l e v ~ g l u c o s a n . ~ ~  
The filtrate, after five extractions with benzene, was con- 
centrated to  a sirup a t  15 mm. pressure. This residue was 
extracted with absolute ethanol, and the extract conceri- 
trated to a sirup. 

Acetylation of thc sirup was effected in 7 parts pyridiiie 
with 5 parts of acetic anhydride, initially at about So, then 
at room temperature for fifteen hours. The mixture was 
concentrated to asirup at 15 mm. pressure in a bath a t  80". 
After extraction of the residue with chloroform and cot - 
centration of the extract, the resulting sirup was distilled 
at 0.1-0.3 mm. pressure without fractionation, the tempera- 
ture of the vapors being about 145-160'. A solution of 
the distillate in ,5 parts hot isopropanol was cooled to  26" 
aiid seeded with triacetyl-D-glucosan < 1,4> /3< I ,t i> . 
After twenty-four hours at 28" thc crystalline product was 
separated. The crude triacctate, usually aniounting to 
about 5 g. from 100 g. of original mother-liquor sirup, wa.; 
recrystallized from 5-10 oarts of isoDrotxulo1. 

Pirified triacetyl-D-gltkosan < 1,4> i < ~ l , f i >  was ob- 
tained as colorless plates; n1.p. 82.5-8:1.5°, [ C ~ ] Z ~ D  - 
1 5 . 3 ' ( ~ , 2 ;  CHC13). 

A n d .  Calcd. for C I T H ~ ~ O ~ :  C, 5D.O; €1, 5.60; acetyl, 
33.8; mol. w t . ,  288. Found: C, 50.2; 13, 5.66; acetyl, 
45.2; niol. wt., 289 (Rast, camptior). 

D-Glucosan <1,4 > a  <l,d>.-'?'hc triact>lalc 1 ~ x 5  dc- 
accty1:itcd catalyiically with iodiuiii iiiethositle or lxkriiiiii  
rnethylatc. Aftrr rwr. Ilization froiii n-tnitallol or 
absolute ethanol the D-glucosan< 1,4> p <  l,6> was iso- 
latcd as colorless needles which were u~iially slightly hy- 
groscopic; m.p. 110.3-111.5"; [ a j a s ~  + 43.3 '  (c. 2 ;  1 1 2 0 ) .  

. 1 d .  Calcd. for CaHloOs: C,  44.4; H, 6.22. Found: c, 34.6; I-I,6.33. 
Hydrolysis to D-Glucose.-A 2O/;, solution of n-gliico- 

san < 1 ,?> p < 1,6> in 0.2 N hydrocbloric acid was allowed 
to  stand twenty-four hours at 25 . N o  hydrolysis oc- 
curred, the Fehling test remaining negative and the spe- 
cific rotation constant at +43.3 '. 

After being heated five hours a t  1.00", the solution had 
a specific rotation of +53.9" (calcd. for glucose, 52.6') 
calculated oil thc basis of the hexose equivalent of the 
weight of glucoqan uwd. The presence of D-glucose was 
confirmed by preparation of the phenylosazone, in 50% 
yield, and converqion of this to the osatriazole18; as well as 
by application of the benzimidazole procediirelo for carbo- 
hydrate characterizatioii. In all chqes the melting points 
of the derivative< coiiicidcdwith those of the corresponding 
glucose derivatives and were unchanged by admixture of 
the product; with known samples. 

Tri-p-toluenesulfonyh-glucosan < 1,4 > 2 < 1,6 > .- To 
0.168 g. (0.001 mole) of D-glucosan<l,el>p<l,6> dis- 
solved in 3 ml. of dry pyridine was added 0.i5 g. (0.004 
mole) of p-toluenesulfonyl chloride. After the mixture 
had remained a t  room temperature for seven days, a small 
amount of water was added to  decompose the excess toluene- 

(16) Jackson and Hudson, T H I S  JOURN.41.. 62, 958 (1940). 
(17) The  dialdehyde, i f  left in t l ie  mixture, inlerferer with the  iso- 

lation of tlie gluco-xn ;icet.:tr froin the  dist i i l e d  acetylated mixture. 
Tlie dialdehyde c:iii be rliininutetl hy bromirre oxidation, h u t  the con- 
siderable qiiantities of iuoryanic s.Llii In t rduced  by this niethod z r i l  
objectionable in s u h e q u e n t  oper:~kiuIia,  

(15) Hann and Hudson, THIS J V U R N A L ,  66. 73.5 (1944). 
(19) Moore and Link, J .  B i d .  Chcm.. 133, 293 ( lY40) .  
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sulfonylchloride. The mixture was then diluted with water 
to  about 30 nil. and extracted twice with benzene. The 
benzene solution was washed successively with dilute 
hydrochloric acid, saturated sodium bicarbonate solution, 
and water, and then dried over anhydrous sodium sulfate. 
Evaporation of the benzene left a sirup, wt. 0.580 g. (93y0 
of calcd.), which crystallized on treatment with ethanol. 
The crude product was recrystallized from 15 ml. of ctha- 
1101, giving tri-p-toluenesulfonyl-D-glucosan < 1,4> p < 1,6> 
as colorless needles; m. p. 127-128". 

Anal. Calcd. for C ~ ~ H ~ ~ O I ~ % :  C, 51.9; H ,  4.52; S. 
15.40. 

No replacement of toluencsulfonyl groups with iodine 
occurred when the tri-toluenesulfonyl derivative was heated 
with a 15TC solution or sodium iodide in acetone in a sealed 
tube for two hours at 100 ', the  derivative being recovered 

Found: C, 52.0; H ,  4.47; S, 15.30. 

unchanged. 
Tri-p-nitrobenzoyl-n-glucosan < 1,4 > 6 < 1,6 > .--Oiic 

rnillimolc (0 162 9.) of D-glUCO%n < 1,4> B < 1,R> dissolved 
in 2 ml. of Dvridine was added to a cold solution of 3.4 niilli- 
moles (0,Bi)'g.) of P-nitrobenzoyl chloride in 2 ml. of pyri- 
dine. After the misturc had remained in an ice-bath two 
hours with frequent shaking, it was allowed to  stand forty 
hours at room temperature. Excess reagent was destroyed 
by allowing the mixture to  stand two hours after adding 
0.2 ml. of water. The product was precipitated with 20 nil. 
of water, filtered and washed with hot water. After re- 
peated recrystallization of the crude product (0.59 g.) 
from an acetone-ethanol misture, tri-P-xiitrobeiizoyl~- 
glucosan< 1,4>6<1,6> was obtained as small prisms of 
vcry faint yellow color; m. p. 231-232', [a]* 'D + 25.3" 
(c, 1.1; acetone). 

Anal. Calcd. for Cz71119014K:a: C, 53.2;  H, 3.14; X, 
6.89. 

Trimethyl-u-glucosan < 1,4 > A < 1,6 > .--hlcthylal ion of 
l l i  g. of D-glucosan<1,4> p < l , O >  was carried out with 
iricthvl iodide and silver oxide. The operation was rc- 
peatcd threr: tinics, Inethaiiol bcing added only thc first 
time to dissolve the glucocan. A inixture of the partially 
crystallinc pro(1uct with 50 ml. of low-boiling petroleum 
cthcr (b. p. 3i -59")  was heated to boiling, and the solu- 
tion decautcd from the insoluble sirup. Crystallization 
occurred whc.n rhc solution was cooled, seeded, and kept in 
tlir refrigerator for an hour. The crude crystals, mixcd 
with a little sirup, weighed 0.7 g. and had a ni. p. of 48- 
50'. Rccrystallization from 30 ml. of petroleum ether 
gave 0.3 g. (15Yc) of t r ime thy l -~~g lucooan<1 ,4>~<l ,6>  
as colorless needles; m.  p. 51-52', [a]*'D -b 18.9" (c,  2.4; 
acetone). 

Found: C, 53.5; H, 3.07; N,  6.85. 

Anal.  Calcd. for CpH160s: C, 52.9; 'H, 7.90; OCHa, 
45.6. Found: C, 53.1; H. 8.10; OCHz, 45.5. 

A further yield'of about 35% was obtained by coni- 
bining the sirup and mother liquor from the first prepara- 
tion and subjecting the mixture to  another methylation. 

2,3,5-Trimethyl-~-glucose from Trimethyl-D-glucosan 
<1,4>8 <1,6>.---A 3-g. (0.01-mole) sample of trimethyl- 
D-glucosan was hydrolyzed with 25 ml. 0.5 N hydrochloric 
acid a t  100' for five hours. The hydrolysis mixture was 
concentrated in W C U Q  to a sirup after removal of chloride 
ions with silver carbonate. The sirup was treated with 
ether, and the solution separated from a brown gummy 
residue by filtration through carbon. Evaporation gave 
1.83 g. of trirnethyl glucose as a slightly hygroscopic, thin, 
colorless sirup, [ C Y ] %  - 4.5' (c, 3.2; H:O). Smith* re- 
ports [ C Y ~ ~ ~ D  -t 17" (c, 1.8; HnO) for 2,n,,5-trimethyl-n-glti- 
cose. 

Anal. Calcd. for CofIisO6: OCHJ, 41.9. Found: OCHI, 
42.5. 

For characterization, the trimethyl glucose was con- 
verted to  the phenylhydrazide of the corresponding acid. 
This was effected by oxidizing the trirnethyl glucose (0.20 
9,) with brornine, purifying the lactone by sublimation, 
:tiid treating the lactone with phenylhydrazine. Recrys- 
tallization of the crude phenylhydrazide (0.12 g., m. p. 
154-156') from ethanol gave the pure phenylhydrazide of 
;'.. '~,j-triIricth~I-D-b.lucoiiic acid, m. p. 156--157", [m]% + 

38" ( c ,  0.7; MeOPI). The melting point was not depressed 
by admixture of the derivative with a sample of the 2,3,5- 
trimethyl-~-gluconic acid phenylhydrazide, m. p. 155-156 O ,  

prepared 1)y Sniith.8 
Anal. Calctl. for ClSHsdOaN2: N, 8.53; OCH,, 28.3. 

Found: N,  8.85; OCH8, 28.3. 
2,3,5,6-Tetramethyl-n-glucose from Trimethyl-~-gluco- 

san < 1,4 >(3 < 1,6> .--The mixed methyl glucosides of 
2,3,5-trimethyl-~-glucose were prepared by heating a solu- 
tion of 1 g. of trimethyl-D-glucosan in 25 ml. of 0.4% 
hydrogen chloride in methanol in a sealed tube for twenty- 
four hours at 100". Methylation of the glucosides by two 
treatments with silver oxide-methyl iodide gave a hygro- 
scopic sirup which was hydrolyzed with 0.5 N hydrochloric 
acid at 100' for five hours. The tetramethyl glucose was 
isolated as a colorless sirup, wt. 0.4 g., [ C ~ ] = D  - 10' (c,  1.4; 
14~0) .  Values for 2,3,5,6-tetrarnethyl-~-glucose given in 
the literature range from [a]=D - 7"  to  - 14". 

Anal. Calcd. for C10Hm06: OCHa, 52.5.  Found: 

The product was characterized as 2,3,5,6-tetramethyl- 
 glucose by oxidation and preparation of the phenyl- 
hydrazide of the acid. The melting point of the phenyl- 
hydrazide was 134.5-135' and was unchanged when the 
derivative was mixed with a known sample (m. p. 135.5- 
136 ") made from the barium salt of 2,3,5,6-tetramethyI-o- 
gluconic acid prepared by Levene and Dil10n.~ 

Resistance of D-Glucosan < 1,4 > p  < 1,6 > to Periodate 
Oxidation.-Taosamples,eaeh of 0.14 g. (0.9 millimo1e)of D- 
glucosan < 1,4> p< l , B > ,  were treated with 5-1111. portions 
of aqueous solution containing, in one case, 1.2 millimoles 
of periodic acid, and in the other, the same quantity of so- 
dium periodate. After twenty hours at 2 5 O ,  the solutions 
were diluted to  25 ml., and 10-ml. aliquots were analyzed 
for excess p e r i ~ d a t e . ~  The diluted solutions were then 
allowed to stand nine days longer at 2 5 O ,  and again 
analyzcd for excess periodate. The amount of periodate 
consumed per mole of glucosan was, for periodic acid, 
0.03 mole in twcrity hours and 0.12 mole in ten days and, 
for sodium periodate, 0.01 mole in twenty hours and 0.08 
iiiole in ten days. If the glycol group had been oxidized 
complctcly, 1 mole of periodate would have been coli- 
sumed pcr mole of glurosan. 

Resistance of u-Glucosan < 1,4 >$ < 1,6 > to Lead 
Tetraacetate Oxidation.--.A sample of D-glucosan < 1.4 > p 
<1,0> \\as treated with lead tetraacetate i n  acetic acid 
essentially as described by Hocket, et al.m Analysis of 
aliquots of the oxidation mixture showed that no reaction 
occurred during a period of six days. 
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Summary 
A new hexosan, dextro-rotatory and stable 

a t  room temperature in 0.2 N hydrochloric acid, 
has been isolated from the mixture of products 
resulting from the vacuum pyrolysis of starch. 

This anhydrohexose has been shown to be 
D-glucosan < 1,4 > /3 < 1,6 > . 

OCHa,49.4. 

1. 

2. 

(20) Hockett ,  Dienes nnd Rainsden, T H r s  J O U R N A I . ,  66, 1 4 7 1  
(19431. 
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3. The properties of its triacetate, tri-p- which is not oxidized by periodic acid or lead 
toluenesulfonate, tri-p-nitrobenzoate, and tri- tetraacetate under conditions used for the detec- 
methyl ether are described. 

4. The glucosan contains a trans-glycol group PEORIA, ILLINOIS RECEIVED MARCH 6, 1936 
tion of adjacent hydroxyl groups. 

NOTES 

Preparation of Triethylchlorosilane from Ethyl 
Orthosilicat e 

B Y  P. IZ. Dr GIORCIO, W. A. STRONG, L. H. SOMMER A N D  
F. C. WHITMORE 

For studies on organosilicon compounds, large 
quantities of pure triethylchlorosilane and other 
trialkylchlorosilanes were needed. The prepara- 
tion from silicon tetrachloride and ethylmagne- 
sium bromide required a time-consuming frac- 
tional distillation to separate the desired com- 
pound (b. p. 144') from diethyldichlorosilane (b. p. 
128'). Moreover, the yield of triethylchloro- 
silane by this method is only 30-35%. The 
present method gives a 60% yield of pure product, 
diethyldichlorosilark not being formed. 

Reaction of ethyl orthosilicate with three equiv- 
alents of ethylmagnesium bromide gave tri- 
cthylethoxysilane which was converted to hexa- 
ethyldisiloxane by acid hydrolysis. Addition of 
aiiiinoniuni chloride to a concentrated sulfuric 
acid solutioii of the disiloxane gave pure tri- 
cthylclilorosilane.2 

BthZgL3r Aci(l 
(I3tO)rSi - + EtdSiOEt __f 

It is not necessary to isolate the disiloxane. The 
unpurified product from the reaction of ethyl 
orthosilicate and ethylmagnesium bromide can 
be dissolved directly in concentrated sulfuric 
acid and treated with ammonium chloride to give 
triethylchlorosilane. Diethyldichlorosilane and 
ethyltrichlorosilane are not formed in this step. 

We have applied this method to the correspond- 
ing n-propyl and n-butyl compounds. 

E x p e h e n t a l  
Hexaethyldisiloxane from Ethyl Orthosilicate.-In a 12- 

liter three-necked flask, fitted bvith il mercury-sealed stir- 
rer, reflux condenser and drupping funnel, there was pre- 
pared 22 equivalents of ethylmagnesium bromide in 10 
liters of ether.3 The flask was cooled with tap water and 
1150 g. (7.0 moles) of ethyl orthosilicate was added during 
one hour. After stirring a t  room temperature for another 
hour, the ether was distilled and the product heated on the 
steam-bath for twelve hours. The ether was then returned 
.. - 

(1) Paper V I  0 1 1  Orgaiiosilicun Compounds; for V see Sommer, 
Goldberg, Dorfruan and Whitmore, THIS JOURNAL, 68, 1083 (1946). 

(2) Cf. Florxl, i h i d . ,  66, 1735 (1933). 
(3) We nc,w iihc copper lined reactors for all large Grigoard reac- 

tious. 

to the flask followed by hydrolysis of its contents with ice 
water and acid. After separation of the ether layer, the 
ether was distilled from the product; a sn~al l  amount of 
ethanol was also removed by distillation. The product was 
then dissolved, with cooling, i l l  1.5 liters of concentrated 
sulfuric acid. This was thcn added to 6 liters of cold water 
and the organic layer separated, dried with calcium chlo- 
ride, and fractionated. There was obtained 573 g. (2.6 
moles) of hexaethyldi~iloxane,~ b. p. 233" (734 mm.), 
~ * O D  1.4340, a yield of 66%. 

Triethylchlorosilane from Hexaethy1disiloxane.-To 275 
cc. of cold concentrated sulfuric acid there was added 265 
g. (1.08 moles) of hexaethyldisiloxane. To  this there was 
added, with stirring, 175 g. (3.1 moles )of ammonium chlo- 
ride over a period of two hours. Stirring was continued 
for an additional hour, and the upper layer was then sepa- 
rated and fractionated in a column of 15 theoretical plates. 
All but 8 g. of this material proved to be triethylchloro- 
silane, 286 g. (1.9 moles), b. p. 144" (735 mm.), @D 1.4314, 
dZo 0.8967, a yield of 86%. Triethylchlorosilane was 
analyzed for chlorine content as follows: Weighed samples, 
about 0.5 g., were gdded to  a mixture of 30 cc. of methanol 
and excess standard alkali, followed by titration with acid. 

Anal. Calcd. for C6H16SiCI: CI, 23.5. Found: C1, 
23.5,23.6. 

Isolation of the hcxaethyldisiloxane is unnecessary; in 
other preparations, the undistilled reaction product from 
ethyl orthosilicate and ethylmagnesium bromide was dis- 
solved in concentrated sulfuric acid and ammonium chlo- 
ride was added. The yield of pure triethylchlorosilane by 
this shorter method was 60-70%. 

The success of this shorter method depends on: (1) no 
tetraethylsilane (b. p.  154") is formed from ethyl ortho- 
silicate even with four or more equivalents of ethylmag- 
nesium bromide under the conditions used. (2) Diethyl- 
dichlorosilane is not formed on treatment of the corre- 
sponding diethoxy compound with sulf.uric acid and am- 
monium chloride. 

(1) Ladenburg, A i t i i . ,  164, 32,5 118721, first prepared this com- 
pound. 
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The Purification of Thionyl Chloride 
BY D. L. Corrr.rs 

This substance is ordinarily purified by treat- 
ment with quinoline and linseed oil, a procedure 
that gives poor yields and difficult-to-handle 
residues. Pratt' modified the method by using a 
lower aliphatic ketone in place of quinoline and 
sulfur in place of the linseed oil. The latter pro- 
cedure has been modified herein as follows: Nine 
hundred milliliters of crude technical thionyl 

(1 )  11. K. C. PraLt, BriLi>h l'.kiclit 538,028, July 17, 1941. 


