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the flask; I I I appeared to be only slightly soluble in the 
ammonia. Stirring was begun, and a small piece of sodium 
added; the blue color faded very slowly. On the addition 
of 50 ml. of dry ether, a homogeneous solution resulted. 
Subsequent addition of sodium was followed by rapid dis­
appearance of the blue color. Sodium was added until the 
blue color persisted for 15 minutes; 6.9 g. (0.3 mole) was 
required. Sixteen grams (0.3 mole) of ammonium chloride 
was added portionwise, followed by 100 ml. of dry ether. 
The flask was removed from the cooling bath and the am­
monia allowed to evaporate. Water was added until two 
clear layers resulted. The aqueous layer was withdrawn and 
extracted twice with ether. These ether extracts, together 
with the original ether layer, were shaken with saturated 
sodium chloride solution and filtered through anhydrous 
sodium sulfate. Distillation gave 11.1 g. of I, b .p . 94-98° 
at 8 mm., W"D 1.4640 (87% yield). The hydrochloride 
melted at 208.0-209.5°, alone and when mixed with an 
authentic sample of the hydrochloride of I . 
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6-^-Toluenesulfonyldiisopropylidene-D-galactose 

6-^-Toluenesulfonyldiisopropylidene-D-galactose Di-
ethylmercaptal.—One and one-half grams (0.0034 mole) of 
6-£-toluenesulfonyl-D-galactose diethylmercaptal was sus­
pended in 25 ml. of dry, redistilled acetone containing 2 % 
by weight of sulfuric acid. Five and one-half grams of 
anhydrous copper sulfate was added and the mixture shaken 
for fifty hours. The suspension was filtered, an excess of 
finely divided anhydrous sodium carbonate introduced, and 
the mixture shaken for nine hours. After filtration, the 
solution was treated with norite for two hours at room tem­
perature, centrifuged clear, and the solvent removed under 
reduced pressure. A brown sirup weighing 0.7 g. (39%) 
was obtained which crystallized spontaneously on standing. 
By dissolving in petroleum ether and storing for several days 
in the ice box, a small quantity of long white needles were 
obtained. These were thought to be a monoacetonated 
product and were removed by centrifugation. On further 
standing, 6-p-toluenesulfonyldiisopropylidene-D-galactose 
diethylmercaptal crystallized as flat plates. I t was recrys-
tallized in a similar manner to constant properties. The 
rotation of this material, m.p. 53°, was [aJ28D —36.4° in 
chloroform (c 3.06). 

Anal. Calcd. for C23H36O7Ss: C, 53.1; H, 6.92. Found: 
C, 52.8; H, 7.02. 

l-Bromo-2,3-isopropylideneglycerol.—Fifty-seven grams 
(0.66 mole) of anhydrous lithium bromide was dissolved in 
150 ml. of dry acetone. To the viscous liquid which re­
sulted was added 66.8 g. (0.22 mole) of l-£-toluenesulfonyl-
2,3-isopropylideneglycerol. The clear solution was heated 
to refluxing and after a few minutes a crystalline precipitate 
began to appear, which soon filled the entire flask. Fifty 
milliliters of dry acetone was added and the mixture re-
fluxed for two hours. The following day, 100 ml. of dry 
acetone was introduced and the solid filtered off. The 
weight of white flaky lithium ^-toluenesulfonate obtained 
was 31 g. The acetone was removed from the filtrate under 
reduced pressure and the resulting sirup extracted with por­
tions (100 ml. each) of ether under reflux. After drying 
over sodium sulfate, the ether was removed from the com­
bined extracts under reduced pressure and the remaining 
liquid distilled through a small column. The total yield of 
l-bromo-2,3-isopropylideneglycerol of b.p. 45° (4 mm.) , 
M25D 1.4601, and m.p. - 2 3 ° , was 6.9 g. (14%). 

Anal. Calcd. for C6HnO2Br: C, 37.0; H, 5.68. Found: 
C, 37.3; H, 5.62. 
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Studies in Silico-organic Compounds. XX. Preparation 
of a Silahydrocarbon and a Dichloride 

The preparation of two new organic compounds of silicon, 
2,2,5,5-tetramethyl-2,5-disilahexane and di-»-butyldichloro-
silane, is herein described. 

Sodium metal (9.2 g., 0.4 mole) was cut into small pieces 
and placed in 100 cc. of anhydrous amyl ether. Bromo-
methyltrimethylsilane (66.8 g., 0.4 mole) was added drop-
wise with stirring. As no apparent reaction was taking 
place after about one fourth of the bromomethyltrimethyl-
silane had been added, the reaction mixture was heated. 
The mixture soon began to turn blue and maintained a tem­
perature of 50° without heating during the addition of the 
remainder of the bromide. The reaction mixture was then 
heated to the melting point of sodium and a sharp rise to 
130° was noted. A cooling bath was applied and the tem­
perature maintained at 105° for four hours. This tempera­
ture was chosen as the bromomethyltrimethylsilane boils 
at 115° and its loss was to be prevented. A Dry Ice-ace­
tone trap had been placed at the condenser exit to catch 
any escaping low boiling material. Examination of the 
contents of the t rap showed it contained 5 cc. of a low boiling 
liquid. This liquid was identified as tetramethylsilane by 
its refractive index (found) M23D 1.3580 (literature),1 K20D 
1.3591. 

2,2,5,5-Tetramethyl-2,5-disilahexane was isolated, b .p . 
150.5-151.5° (750 mm.) , «2 6D 1.4170, <f264 0.7457, 14.3 g., 
yield 40%. 

Anal. Calcd. for C8H22Si2: Si, 32.18; mol. wt. , 174.37; 
MR, 58.43. Found: Si, 31.84; mol. wt., (cryoscopic in 
benzene) 174.0; MR, 58.81. 

From the interaction of 170 g. (1.0 mole) of tetrachloro-
silane and 3 moles of w-butylmagnesium bromide in abso­
lute ether, there were obtained tri-re-butylchlorosilane and 
di-»-butyldichlorosilane. The flask was cooled during the 
reaction with an ice-bath and the Grignard reagent added 
dropwise with stirring. After addition, the system was 
heated and stirred for eight hours, then filtered with suction 
and distilled. Tri-n-butylchlorosilane, b .p . (found and 
literature)2 142-144° (29 mm.) , K26D 1.4460, 27.0 g., yield 
11.5%; di-»-butyldichlorosilane, b .p . 109.0-109.5° (28 
mm.) , »2 6D 1.4430, <Z25

4 0.9850, 75.5 g., yield 3 5 % . 
Anal. Calcd. for C8H18Cl2Si: Si, 13.16; Cl, 33.26; 

MR, 57.32. Found: Si, 12.77; Cl, 32.83; MR, 57.34. 

(1) H. H. Anderson, THIS JOURNAL, 69, 3049 (1947). 
(2) H. Gilman and H. J. Marshall, ibid.. 71, 2066 (1949). 
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The Coordination Compound of Boron Trifluoride with 
Tri-rc-butylamine 

(C4H9J3NiBF3 was prepared in a manner similar to that 
described by Kraus and Brown1 in the case of the prepara­
tion of ( C 2 H S ) 3 N I B F , . 

When 5 ml. of freshly distilled boron trifluoride etherate 
was added to a solution of 8.5 ml. of anhydrous tri-«-butyl-
amine (dried over anhydrous sodium sulfate) in dry diethyl 
ether at —78°, a white precipitate was formed. However, 
this solid completely dissolved in the ether when the solu­
tion was warmed to room temperature. Addition of petro­
leum ether (b.p. 30-60°) yielded a precipitate of white 
crystals (7.1 g.) which were filtered off and washed several 
times with petroleum ether. These crystals may be crys­
tallized from pure petroleum ether and melt at 59-61°. 
Anal. Calcd. for C12H27N:BF3: C, 56.93; H, 10.75; N, 
5.53. Found: C, 55.60; H, 10.64; N, 5.35. 

The infrared spectrum of (C4Ho)3N = BF3 in chloroform 
was obtained with a Baird spectrophotometer. The prin­
cipal bands in the range of 2-16 M are: 3.54, 6.80, 7.24, 8.78, 
9.00, 10.75, 11.10 and 11.84 M. 

The coordination compound of tri-re-butylamine with 
boron trifluoride is very soluble in benzene, chloroform, 
carbon tetrachloride and ether at room temperature, but 
is sparingly soluble in petroleum ether. The colorless 

(1) C. A. Eraus and E. H. Brown, THIS JOURNAL, Sl, 3690 (1929). 
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needles of the adduct are stable in air for short periods of 
time, but the odor of the amine soon became appreciable 
above the solid. In warm sunlight the decomposition is 
rapid and a brown gum is produced. 

In attempts to purify the brown, partly decomposed crys­
tals, vacuum sublimation at 70—80° and 10 ' mm. was em­
ployed. Under these experimental conditions only small 
amounts of sublimate were observed. The residue con­
sisted of an apparently polymerized material which no 
longer possessed the solubility characteristics of the addi­
tion compound. 

When (QHs)3N: BF3 was dissolved in anhydrous methanol 
and an excess of a saturated methanol solution of anhydrous 
ammonia was added, a white crystalline solid was produced. 
This material could be recrystallized from chloroform and 

COPROGEN, A NEW GROWTH FACTOR FOR 
COPROPHILIC FUNGI 

Sir: 
Members of the genus Pilobolus are strictly dung 

inhabiting fungi. Several investigators1'2 who have 
studied this genus in culture have found it neces­
sary to use dung or a dung extract as a necessary 
component of their culture medium. 

On a basal medium adjusted to pH 7.6 and con­
taining the following amounts of ingredients per 
500 ml.: acid hydrolyzed casein 25 ml.,3 L-cystine 
50 mg., DL-tryptophan 100 mg., uracil 5 mg., 
thymine 5 mg., adenine 5 mg., guanine 5 mg., 
xanthine 5 mg., thiamine 0.5 mg., pyridoxine 0.1 
mg., calcium pantothenate 0.1 mg., riboflavin 0.2 
mg., nicotinic acid 0.5 mg., choline 0.5 mg., inositol 
0.2 mg., />-aminobenzoic acid 0.2 mg., pteroylglu-
tamic acid 12 ^g, biotin 1.2 /ig, vitamin Bi2 2.4 ng, 
and inorganic salts A and B / the dung extracts 
could be replaced by the fermentation liquors of a 
number of species of bacteria and fungi. 

From such source materials a brick red crystalline 
biologically active compound has been isolated. 
The isolation was effected by solvent extraction, 
adsorption on florisil and partition chromatography 
on a Filter-eel column. After several crystalliza­
tions from ethanol, the compound evidenced no 
sharp melting point but darkened and decomposed 
from 205°. Elemental analyses indicated the fol­
lowing percentage composition: C, 50.96; H, 6.88; 
N, 10.26; Fe, 6.61. The compound has a broad 
ultraviolet absorption maximum at 440 mjt in 50% 
ethanol, E}fm. = 36.6. 

The name "Coprogen" is proposed for this new 
compound. 

The assays were carried out in 125-ml. erlen-
meyer flasks containing 20 ml. of medium. The 
inoculum consisted of uniform amounts of actively 

(1) A. H. R. Buller, "Researches on Fungi," Vol. VI, Longmans' 
Green and Co., New York, N. Y., 1934. 

(2) B. A. Bessey, Michigan Academy of Sciences, Arts and Letters, 32, 
15 (1948). 

(3) 1 ml. 19 equivalent to 100 mg. of casein. 
(4) B. E. Snell and F. M. Strong, lnd. Eng. Chem., U , 346 

(1939). 

yielded crystals melting at 161-163° (literature value for the 
meltingpoint of H3NlBF3,163°l). This observation is indic­
ative of the greater acid strength of boron trifluoride with 
respect to ammonia than with respect to tri-«-butylamine. 
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(2) A. W. Laubengayer and G. F. Condike, THIS JOURNAL, 70, 2274 
(1948). 

(3) Procter and Gamble Fellow in Chemistry, Harvard University, 
1951. Present address: Research Laboratory, General Electric Co , 
Schenectady, N. Y. 

growing mycelium in dung agar blocks. After 
incubation at 25° for five days the pads were har­
vested by freeing the mycelium from the small agar 
block and then drying the mycelium pad at 105° 
for 16 hours. Weights of the pads were used as a 
measure of growth. 

The addition of 5 millimicrograms of Coprogen 
per ml. of medium allowed for growth and fruiting 
of P. kleinii with no loss of vigor through ten serial 
transfers. The compound was equally effective 
in all the species of Pilobolus studied. 

Page6 has recently reported that hemin can par­
tially replace the usual dung extracts in the nutri­
tion of Pilobolus; however, the growth was much 
less vigorous. Under our experimental conditions 
hemin exhibited only one one-thousandth the 
growth promoting activity of Coprogen on a 
weight basis. 

(5) R. M. Page, paper presented at the Am. Inst, of Biol. Sci. Meet­
ings, U. of Minn., Sept. 1951. 
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THE VALENCE OF PRECIPITATING ANTIBODIES 
Sir: 

Following the studies of Pappenheimer, Lundgren 
and Williams,1 a number of investigators2'3'4 have 
recently applied the techniques of electrophoretic 
and sedimentation analysis to the problem of anti­
body valence. 

These studies and ours indicate the dependence 
of the molecular composition of antigen-antibody 
complexes upon the relative amount of antigen 

(1) A. M. Pappenheimer, Jr., H. P. Lundgren and J. W. Williams, 
J. Exp. Med., 71, 247 (1940). 

(2) J. R. Marrack and H. Hoch, Brit. J. Exp. Path., 32, 212 (1951). 
(3) S. J. Singer and D. H. Campbell, T H I S JOURNAL, 73, 3543 

(1951), "Communication." 
(4) J. L. Oncley and D. Gitlin, J. Phys. Chem., 56, 85 (1982). 
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