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properties were determined?: 4° 0.7907, d%® 0.7764, n%Dp
1.4339, b.p. 89.8° (30 mm.), b.p. 109.6° (66 mm.), b.p.
124.4° (115 mm.), b.p. 148.0° (248 mm.), b.p. 163.0°
(383 mm.), b.p. 187.4 (731 mm.), calculated b.p. 189.3°
(760 mm.), infrared spectrum #2054.

Anal. Caled. for CyHzSi: C, 69.66; H, 14.03; MRp?
58.06. Found: C, 71.0; H, 14.4; MRp, 57.83.

Tri-n-propylethylsilane.—This compound was similarly
prepared by reaction 166 g. (1.0 mole) of ethyltrichlorosilane
with 3.8 moles of n-propylmagnesium bromide in one liter
of ether. Fractional distillation of the dried crude product
gave 94 g. (0.51 mole, 519, yield) of tri-n-propylethylsilane?;
b.p. 202-202.5° at atmospheric pressure, n¥p 1.4361-3.
The product was freed of a pungent odor with activated
alumina and decolorizing carbon and the following proper-
ties were determined’: 4° 0.7836, d* 0.7795, »¥p 1.4362,
b.p. 104.8° (33 mm.), b.p. 128.0° (90 mm.), b.p. 151.4°
(181 mm.), b.p. 164.4 (264 mm.), b.p. 179.4 (406 mm.),
b.p. 202.2 (732 mm.), calculated b.p. 204.3° (760 mm.),
infrared spectrum #2053.

Anal.  Caled. for Ci;HpeSi: C, 70.87; H, 14.06; MRp,*
62.69. Found: C, 71.2; H, 14.4; MRp, 62.55.

Other Tetraalkylsilanes.—The other compounds needed in
this investigation were well known’ and were prepared by
the Grignard reaction: tetraethylsilane, »%p 1.4269,
infrared spectrum #2056; #n-propyltriethylsilane, »#%p
1.4313, infrared spectrum #2057; tetra-z-propylsilane,
n®p 1.4384,% infrared spectrum #2055. Samples of triiso-
propylsilane and triisopropylphenylsilane were kindly loaned
to us by Dr. Henry Gilman!! for determination of their in-
frared spectra, #2589 and 2584, respectively.

Purification of Tetraalkylsilanes.—Many of the highly
refined tetraalkylsilanes prepared during this and a previous
investigation’ possessed pungent, terpene-like odors. It
was found possible to remove these odors by treatment with
Norit A decolorizing carbon black; less effective were acti-
vated alumina and silica gel. MeSiEt; and Et,Si retained
a mild camphor odor through many treatments with ab-
sorbents. The pungent, terpene-like odors were appar-
ently due to traces of decomposition products formed upon
refluxing for several hours above about 150° in the presence
of air; deodorized samples subjected to this treatment re-
acquired the pungent, terpene-like odor. This behavior
was noted with PrSiEt;, BuSiEt;, AmSiEt;, #-C¢H3SiEt;,
n-C7HmSiEt3, PTQSiEtg, Pr;SiEt and n-C7H15SiMe;. Pres-
ence or absence of odors had no perceptible effects on physi-
cal properties.

Redistribution of Et,Si and Pr,Si.—In a 100-ml., round-
bottom flask was placed 20.2 g. (0.14 mole) of tetraethyl-
silane and 30.1 g. (0.15 mole) of tetra-z#-propylsilane to-
gether with 1.2 g. (0.009 mole) of C.p. anhydrous aluminum
chloride. The reaction mixture turned yellow and then
colorless during a five-hour reflux period at 175-180° after
which it was found to have incurred no weight loss. The
crude product was washed twice with water and dried over
Drierite and anhydrous K,CO;. Fractional distillation in
a Piros-Glover spinning band column gave the five products
corresponding to EtSi, PrSiEts, Pr;SiEt;, PriSiEt and Pr,Si
which by calculation from the distillation curve were ob-
tained in 5, 24, 39, 26 and 7 mole %, yields, respectively;
these values agree well with those obtained previously both
theoretically and experimentally. The infrared spectra of
many of the fractions, including some inter-fractions, were

(7) The methods have been described: F, C. Whitmore, L. H. Som-
mer, P. D. George, W. A. Strong, R. E. Van Strien, D. L. Bailey,
H. K. Hall, E. W, Pietrusza and G. T. Kerr, TH1S JOURNAL, 68, 475
(1946),

(8) Calculated with bond refractions given by K. G. Denbigh,
Trans. Faraday Soc., 86, 936 (1940), and by E. L., Warrick, THIS JOoUR-
NAL, 68, 2455 (1946). Similar results may be obtained by the method
of R. O. Sauer, ibid., 68, 954 (1946),

(9) A. D, Petrov and V. F, Mironov, Jgvest. Akad. Nauk SSSR,
Otdel. Khim, Nauk, 4, 635 (1952); C. A., 47, 10471f (1953). and 48,
4462h (1954). These workers obtained the compound from ethyl-
magnesium bromide and 2-bromopropyltri-n-propylsilane through a
beta-elimination reaction; their product had b.p. 207-210 (748 mm.),
n?p 1,.4375, d» 0.7824,

(10) This refractive index has not previously been reported. Used
with d% 0.7845 (S. Sugden and H. Wilkins, J. Chem. Soc., 126 (1831))
it gives MRp 67.07 compared with caled.$ M Rp 67.32,

(11) H. Gilman and R. N. Clark, Tais JOURNAL, 69, 1499 (1947).
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kindly determined by C. A. Hirt of the General Electric Re-
search Laboratory with a Perkin-Elmer Recording Infrared
Spectrophotometer. These were compared with the refer-
ence curves which were also determined by Mr. Hirt using
0.03-mm. cells, except for the isopropyl compounds which
were done in 0.017-0.019 mm. cells. The infrared spectra
of the redistribution products were the same as those of the
reference compounds. None of the redistribution product
fractions showed the absorption band at 11.37 u characteris-
tic of isopropylsilanes, even though it is a very strong band.
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On the Sublimation of Amino Acids and Peptides

By D. Gross AND G. GRODSKY
ReceIvED NOVEMBER 16, 1954

Kempf,! Werner,? and Brown? have studied the
sublimation of some amino acids. These reports,
along with others,*—¢ however, have included little
information on the recovery, extent of decomposi-
tion, diketopiperazine formation and change in op-
tical rotation. In view of the possible ease of puri-
fication of some radioactive amino acids by sublima-
tion, a large variety of amino acids was investigated
for the mentioned properties. In the course of
these studies it also was discovered that some pep-
tides were capable of subliming with little decom-
position.

Experimental

Chemicals.—The free amino acids and related com-
pounds were commercial preparations which were chro-
matographically pure, and had optical rotations close to
values’™® given in the literature. The peptides were ob-
tained from the following sources: Mann Research ]'_:abs.,
N. Y., glycyl-L-leucine, pL-alanyl-pDL-norvaline; Flsr.:her
Collection, University of California, L-alanyl-L-leucl.ne,
leucyl-alanine (configuration unknown); H. M. Chemical
Co., California, glycyl-glvcine; synthetic preparation, L-
leucyl-glycine. All chromatographed as single spots, ex-
cept leucyl-glycine. This was chromatographically identi-
cal to a known sample of leucyl-glycine (Mann Research
Labs.), but had a trace of leucine which did not interfere
with the determinations. .

Apparatus and Methods.—The glass sublimation appara-
tus used had a 7 mm. gap distance between the flat bottom
pot (4 cm. dia.) and the glass sleeve (2.5 cm. dia.) which
fitted snugly on the water-cooled condenser. The sleeve
made the apparatus convenient for manipulation and.de-
termination of yield. This size apparatus was convenient
for 200 to 500 mg. of amino acid or peptide. The appara-
tus was heated in a clear oil-bath. A vacuum of 0.3 mm.
was used. Sublimation was conducted usually 30-60°
above the temperature at which a sublimate first was noted.
Sublimation to completion usually took two to three hours,
though the majority of the material sublimed in a shorter
period. The sublimation temperature was determined in
this apparatus whose temperature was raised approxi-
mately one degree per minute. The table records the in-
itial sublimation temperature and the temperature at yvhlch
the majority of the sublimate passed over quickly without
decomposition.

(1) R. Rempf, J. prakt. Chem., [11] 78, 201 (1908).

(2) O. Werner, Mikrochemsie, I, 33 (1923).

(3) J. Brown, Trans. Roy. Soc. Canada, Ser. I11, 26, 177 (1932).

(4) J. F. Scott, R. L. Sinsheimer and J. R. Loofbourow, Science, 107,
302 (1948).

(5) R. Ostwald, P. R. Adams and B. M. Tolbert, THIS JOURNAL, 74,
2425 (1952).

(6) E. Flynn, J. W. Hinman, E. L. Caron and D. O. Woolf, Jr.,
ibid., 78, 5867 (1953).

(7) S. Birnbaum, L. Levintow, R. Kingsley and J. Greenstein, J.
Biol. Chem., 194, 455 (1952).

(8) D. Hamer and J. Greenstein, sbid., 198, 81 (1851).

(9) J. Gilbert, V. Price and J. Greenstein, ibid., 180, 473 (1949).
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TaBLE 1
SUBLIMATION DATA OF AMINO ACIDS AND PEPTIDES
tSubl Temp. of R ’Egge per (a]D, d Nitrogen, % Diketo
e‘%rf ’ Sl‘l’!é:’ e;;)v. hrt.ng" Beiorea ’ egAt‘ter Caled. & ﬁolfnd piperazine, %

L-Alanine 138 193-200 98.5 0.25 +12.8 +12.8°
L-Ethionine 133 196-216 99.1 .25 +23.6 +23.3
L-Hydroxyproline 150 190-223 99.1 .9 —75.0 —75.4°
L-Isoleucine 105  170-181 90.7 .5 +38.2 +38.9°
L-Leucine 109  180-188 99.1 .3 +15.2 +15.1°
L-Methionine 130 197-208 99.8 .2 +22.9 +22.9°
L-Phenylalanine 130 176-184 98.2 .2 —33.7 —33.7
L-Proline 119 182-187 99.4 .25 —84.1 —84 .4
L-Threonine 170 200-226 99.6 4 —27.8 —-27.8
L-Tryptophan 180 220-230 99.0 1.6 —29.4 —29 .44
L-Tyrosine 186 235-240 99.2 0.9 — 7.58 — 7.63¢
L-Valine 102 178-188 99.5 .1 +26.7 +26.6°
B-Alanine 111 170-180 98.2 .3 15.7 15.9
pL-Allylglycine 110 172-178 99.0 .2 12.1 12,1
L-Aspartic acid 230-237
L-Cysteine 124 170-180 97.5 .3 11.5 11.5
Glycine 118 145-150 99.0 4.0 18.7 18.8
L-Histidine 200
L-Lysine* 160
L-Serine 160-170
Sarcosine 120 180-185 99.1 0.5 15.7 15.8
Glycyl-glycine 190-200 30.0 0.7 Present
Glycyl-L-leucine 180-215" 98 1.0 14.9 15.0 7
pL-Leucyl-glycine 1652107 99 1.3 14.9 14.8 4
L-Alanyl-L-leucine 150-170 99 1.6 13.8 13.3 6
Leucyl-alanine 150-180 90 4.0 13.8 13.9 Lessthanl
pL-Alanyl-pL-norvaline 180-215 98 1.0 14.9 14.3 2

¢2%in 5 N HCl. & Concentration and solvent as cited in literature.’=® ¢ 1% in water. ¢ Rotation at 23°. * A small

quantity of lysine monohydrochloride was dissolved in water, neutralized to pH 9.8 with dilute carbonate free NaOH, and

lyophilized. The material sublimed at 160° (0.15 mm.) to yield a greasy white solid in low yield.

200°.

Analysis was conducted on twelve of the amino acids by
their optical rotations before and after sublimation. Meas-
urements were made in thermostated tubes on a polarimeter
accurate to 0.01° using a sodium lamp. Others were ana-
lyzed by the Kjeldahl method. Chromatograms were made
from all specimens before and after sublimation, using a
solvent system consisting of two parts n-butanol, one part
water and 0.4 part glacial acetic acid. Whatman paper
#1 or #4 was used. Spots were developed by 0.29% ninhy-
drin in alcohol and by the chlorination method® on parallel
strips taken from the same chromatogram.

Quantitative determination of diketopiperazine was
conducted as follows: 10 to 50-mg. quantities of sublimate
were dissolved in 20 ml. of hot water and passed through 5
g. of Dowex-50 in the acid form washed previously with
water. An additional 10 ml. of water was used to wash the
resin. The combined filtrate was evaporated to drynessona
steam-bath, taken up in 6 ml. of 3 N HCI, and hydrolyzed in
sealed test-tubes in the autoclave at 120° for three hours.
The solutions were taken to dryness, 4 ml. of dilute NaOH
added, boiled to drive off ammonia, and adjusted to pH 5.
The solutions were made up to 10 ml., and aliquots were
analyzed by the quantitative ninhydrin method,! using
glycine as the standard. Separation was complete by the

first wash.
Results

The twelve amino acids analyzed by optical ro-
tation sublimed rapidly (except tyrosine) and quan-
titatively, yielding white crystalline products.
Threonine occasionally gave a clear glass-like prod-
uct. Histidine, serine and aspartic acid were char-
acterized by an extremely slow sublimation and low
recovery, extensive darkening of the material in the
pot after a few hours, and a glass-like sublimate.

(10) H. N. Rydon and P. W. G. Smith, Nature, 169, 922 (1952).
(11) S. Moore and W. H. Stein, J. Biol, Chem., 176, 367 (1948).

f Predominantly over

All the amino acids (except lysine) gave single spots
when developed by ninhydrin and the chlorination
method, the latter being very sensitive to diketopi-
perazines.® Tolbert’ reports that diketopiperazine
formation occurred when glycine, but not when ala-
nine was sublimed. In this work, a pure crystalline
glycine with no detectable diketopiperazine was ob-
tained. On the other hand chromatograms of
the lysine sublimate gave three unidentified spots
(ninhydrin and chlorination) in addition to the
predominant lysine spot.

The nitrogen analysis, optical rotation and
chromatograms indicated a lack of diketopiperazine
formation for the amino acids investigated.

L-Arginine, L-asparagine, L-citrulline, L-cystine,
L-dilodotyrosine, L-glutamic acid, L-glutamine, glu-
tathione and taurine decomposed when subjected
to the sublimation procedure. Preparations of ra-
dioactive methionine, alanine, ethionine and leu-
cine have been purified by sublimation in this Lab-
oratory from dried salt solutions which have pre-
viously been adjusted to pH 6-7.° These prepara-
tions sublimed readily in excellent yield to give
pure compounds.

Peptides.—Quantities of 100-200 mg. of peptides
were sublimed. The sublimate initially formed a
clear glass on which in some cases white crystals
developed as sublimation continued. As the subli-
mates formed glasses, no attempt to obtain a sub-
limation temperature was made. Chromatograms
of the sublimed material gave single spots of the
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peptide with ninhydrin identical with the con-
trols. Parallel chromatograms developed by the
chlorination method gave (in addition to the pep-
tide spot) a second spot with a higher Ry in all cases
except leucyl-alanine, which gave no spot. In the
case of glycyl-glycine this corresponded to a known
sample of the diketopiperazine of glycine. The ex-
tra spots on the leucyl-glycine and glycyl-leucine
chromatograms were identical. When quantita-
tive determinations for diketopiperazine were made,
the assumed diketopiperazine (in the water wash)
gave the same spot on chromatograms as the extra
spot of the sublimed peptides. The material was
ninhydrin negative which is expected for diketopi-
perazines.'® Chromatograms of the hydrolyzed
materials had spots corresponding to the amino
acids of the original peptide. The quantitative data
explained the lack of a diketopiperazine spot for
leucyl-alanine.

Acknowledgments.—We wish to acknowledge our
appreciation to Dr. Harold Tarver for supplying
facilities and chemicals for this research, to Dr.
David M. Greenberg for some amino acids, and to
the Department of Biochemistry for peptides from
the Fischer Collectiomn.
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Some Tetraorganosilanes

By HENRY GILMAN AND ROBERT K. INGHAM
RECEIVED AUGUST 4, 1954

Tetraphenylsilane has been reported! to distil
undecomposed above 530°; more recently, investi-
gators have indicated? the boiling point to be 428°,
It also has been reported?® that this compound is
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of preparation may be illustrated by the equations

150-160°
4RMgX(excess) + SiCly —— > RSi + 4XMgCl
2RMgX(excess) + (CsH;):SiCl, —>
R,Si(CeHs)2 + 2XMgCl

Since an excess of the Grignard reagent was em-
ployed, some coupling and hydrolysis products
were also obtained.

Experimentalt

Tetra-n-octadecylsilane.—n-Octadecylmagnesium bro-
mide® was prepared, under a nitrogen atmosphere, from #-
octadecyl bromide (15.3 g., 0.05 mole) and 1.21 g. (0.05 g.
atom) of magnesium turnings, with the addition of a crystal
of iodine to initiate the reaction. The yield, by titration,
was 86% (0.043 mole). To the Grignard solution was
added 1.2 g. (0.007 mole) of silicon tetrachloride in 25 ml.
of ether and the resulting mixture was refluxed overnight.
The ether was then distilled off and the residue was heated
at 150-160° for 4 hours. After cooling, 100 ml. of ether
was added and the mixture was refluxed for an additiqnal
4-hour period. At this time Color Test I¢ was still positive.
The mixture was hydrolyzed with 5%, hydrochloric acid and
subsequent filtration gave 2.1 g. of a white solid which
melted from 65-72°. The two layers of the filtrate were
separated and the ethereal layer was dried over anhydrous
sodium sulfate. Evaporation of the ether left a semi-solid
residue which when recrystallized from petroleum ether
(b.p. 80-70°) gave 1.5 g. of a white solid melting at 70-73°.
This and the solid obtained from the initial filtration of the
reaction mixture were combined and shaken with 75 ml. of
cold ether; filtration gave 2.9 g. of solid melting at 75-76°.
Recrystallization from petroleum ether (b.p. 60-70°) gave
2.2 g. (58%, based on 0.015 mole excess of the Grignard re-
agent) of hexatriacontane, m.p. 76-77°; a mixed m.p. with
an authentic sample® was not depressed. .

The petroleum ether filtrate from the first recrystalliza-
tion was evaporated leaving a white residue which melted
from 40-48°. Three recrystallizations from ethyl acetate
gave 3.6 g. (499, based on the silicon tetrachloride) of
tetra-n-octadecylsilane melting at 50-50.5°.

Anal? Caled. for CrHiSi: C, 82.99; H, 14.32; §i,
2;5? Found: C, 83.11, 83.00; H, 14.46, 14.43; Si, 2.74,
2.77.

Tetra-n-hexadecylsilane (see Table I) was prepared by a
similar procedure.

TaBLE I
' Analyses, % -
. Yield,* — B.p. Carbon Hydrogen Silicon
Products, silanes % °C. Mm. M.p. Caled. Found Caled. Found Caled. Found
Tetra-n-hexadecyl® 57 ¢ 38.5-40 82.67 82.60 14.31 14.22 3.02 3.12
Di-n-octadecyldiphenyl? 67 303-306 0.15 € 83.64 83.49 12.30 12.48 4.07 4.02
Di-n-hendecyldiphenyl’ 78 262-264 0.1 g 82.85 82.78 11.45 11.63 5.69 5.72
Di-10-hendecenyldiphenyl* 49 258-260 0.15 i 83.54 83.37 10.72 10.78 5.74 5.87

* The yields of alkylsilanes are based on the chlorosilanes; the yields of hydrocarbons are based on the excess of Grignard
reagents. b A 729, yield of dotriacontane was also obtained; a mixed m.p. determination with an authentic sample (see

ref. 5) was not depressed.

¢ Recrystallized from ethanol-ethyl acetate solution.
104°(0.15 mm.), m.p. 25-27°, was obtained. The reported m.p. for n-octadecane is 27-28°%; see ref. 8, p. 227.

4 A 24 ield of n-octadecane, b.p. 99—
%l ¢ n2%p 1,4945.

/A 40% vield of n-docosane, b.p. 101-107° (0.1 mm.), m.p. 40-42°, was obtained; see ref. 8 for reported m.p. of n-doco-

sane. ¢ n2p 1.4960.

not acted upon when heated at 450° for 200 hours
with hydrogen at a pressure of 75 atmospheres.
Tetrabenzylsilane similarly has been reported! to
distil undecomposed above 550°; a rough deter-
mination has indicated this boiling point to be
approximately 100° too high, but nevertheless in-
dicates the compound to possess remarkable ther-
mal stability.

A number of long-chained alkylsilanes have been
prepared in connection with a study of their ther-
mal stabilities and other properties. The methods

(1) A. Polis, Ber., 19, 1012 (1886).

(2) R.N. Lewis and A. Ii. Newkirk, THIS JourNaL, 69, 701 (1947).
(3 V. Ipatiefl and B. N. Dolgov, Her., 62, 1220 (1928).

* No other pure products were isolated.

' n%p 1.5057.

Tetra-n-hendecylsilane.—To 125 ml. (0.061 mole) of an
ethereal solution of #u-hendecylmagnesium bromide was
added 1.6 g. (0.009 mole) of silicon tetrachloride in 50 rnl.. of
ether. The mixture was then heated as in the preceding
experiment; after hydrolysis no insoluble material re-
mained. Following separation of the layers and removal of
the solvent from the ethereal layer, the residue was distilled
to give 1.6 g. (44%, based on the excess Grignard reagent)
of n-docosane distilling at 110-115° (0.15 mm.) and 4.1 g.

(4) All melting points and boiling points are uncorrected.

(5) R, N. Meals, J. Org. Chem., 9, 211 {1944).

(6) H. Gilman and ¥, Schulze, THIS JOURNAL, 47, 2002 (1923).

(7) The silicon analyses were carried out by the procedure of H.
Gilman, B. Hofferth, H. W. Melvin and G. E. Dunn, {bid., 72, 5767
(1950). A qualitative test for silicon was positive; see IT. Gilmau,
R. K. Ingham and R. D. Gorsich, ibid., 76, 918 (1954).



