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COMMUNICATIONS TO THE EDITOR

APPLICATION OF NUCLEAR MAGNETIC
RESONANCE SPECTRA IN STRUCTURE
DETERMINATION OF ISOMERIC SILICON
HALIDES!
Sir:

The well-known addition of the elements of the
Si—H bond to a vinyl group (or, generally, to car-
bon-carbon unsaturation) has been shown to be
catalyzed by peroxides and ultraviolet light and, in
these cases, has been regarded as a typical free-
radical reaction.? The reaction has also been car-
ried out thermally and with the aid of platinum
and palladium catalysts,® but there has been no
speculation regarding the mechanism involved in
these reactions. The addition has been shown to
involve the addition of the silicon-containing group
to the terminal carbon of the unsaturated reagent
in several cases*® and no example of a reversed
addition orientation has been noted.

We have recently added methyldichlorosilane to
a number of vinyl and allyl monomers using plati-
num-on-carbon as catalysts and Ionol as a poly-
merization inhibitor. Hydrolysis studies showed
marked differences between the adducts from
acrylonitrile and acrylate esters, on the one hand,
and adducts from vinyl esters, vinyl ethers and
the allyl monomers. The determination of struc-
ture of these adducts has been neatly resolved
by the use of nuclear magnetic resonance spec-
tra which shows that the reactions are
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The NMR spectrum of (I) has two triplets formed
by the spin-spin interactions of the two methylene
groups. The spectrum of (II) has the doublet and
quadruplet which result from the interactions of the
protons in the >CHCHj; group. The relative posi-
tions of the peaks due to the -CH»-O and CHz-O
groups in (I) and (II) respectively, are in the proper
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relationship to one another as determined with ref-
erence compounds. This is true, also, of the rela-
tive positions of the CH;CO and ~-CH-CO peaks in
(I) and (II).

Compound (II) represents the first reported ex-
ample of a reversed orientation in silane additions to
vinyl groups.

The results of these experiments correlate well
with an ionic mechanism in which the platinum

S+ S-
catalyst promotes a CH;SiCl; - - - H polarization

of the silane. Electrophilic attack of the silicon
moiety initiates addition to vinyl acetate and nu-
cleophilic attack of hydride ion initiates addition to
methyl acrylate in a reaction which resembles the
Michael addition.

Further details of these reactions will be sub-
mitted shortly.

We wish to acknowledge the aid of Robert C.
Jones in obtaining these spectra.
LEON GOODMAN

ROBERT M. SILVERSTEIN
James N. SHOOLERY

STANFORD RESEARCH INSTITUTE
MENLO PARK, CALIFORNIA
VARIAN ASSOCIATES
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RECEIVED JUNE 25, 1956

HYDROLYSATES FROM SODIUM
TRIMETAPHOSPHIMATE

Sir:

Contrary to the literature,® acid hydrolysis of tri-
metaphosphimate proceeds largely through inter-
mediate ring compounds with one, two, and to some
extent, three oxygens successively replacing the orig-
inal imide linkages. Chain imidophosphates are
never present in large amounts. While possible
paths are outlined below, the main sequence of hy-
drolysis follows the solid arrows (see chart).

The first intermediate in this hydrolysis was iso-
lated by Stokes! and prepared by a different method
by de Ficquelmont,? both reporting it to be the
chain diimidotriphosphate. However, repetition of
either preparation yielded ring products, essentially
DITMP with some ITMP.

The above sequence of reactions is dependent on
formation of P-O-P linkages by elimination of NH;
between P-OH and P-NH, groups (NH; detected
by (1) consumption of acid and (2) odor upon
rendering hydrolysate alkaline with NaOH). The
yield depends on the extent of competition from
the amide hydrolysis P-NH, + H,0 — P-OH +
NH;. The condensation reaction is quite general.
For instance, ortho- and amidomonophosphate
vield up to 159 pyrophosphate in acid solution
(pH 34, 60°). Stokes! isolated 159 pyrophos-
phate from IDP hydrolysates (10 minutes boiling,
dilute acetic acid). Chromatographic evidence for
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this change was reported recently.® Hydrolysis of
DITP (pH 3, 60°) results in the initial formation of
P-NH, and P-OH fragments which then condense
to an extent of up to 309 of the total phosphorus
present. TMPm is converted almost quantita-
tively into DITMP (pH 3).
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The ring imidophosphates have been isolated
from TMPm hydrolysates in good yields by ion
exchange techniques. Although the chain imido-
phosphates occur in the acid hydrolysates of TMPm
to only a small extent, DITP, ITP, and IDP have
been prepared in high yields by selectively cleaving
the corresponding ring imidophosphates at the oxy-
gen bridges in 309, NaOH (75° or higher). At
high NaOH concentrations P-N-P bridges appear
to be inert, whereas they are cleaved more readily
than P-O-P bridges in the pH range 2-11. Thus,
P-N-P linkages differ markedly from P-O-P in
dependence of hydrolysis rate on pH; more quan-
titative data will be reported soon.

The various compounds involved in this study
were characterized by elemental analyses, acid—
base titrations, paper chromatographic and ion-
exchange separations, and X-ray diffraction (pow-
der patterns). Products obtained by the methods
of Stokes and de Ficquelmont had the elemental
analyses of the monohydrate of DITMP (some
ITMP-H,0), an acid-base titration curve of a ring
polyphosphate (all H's strong), an X-ray pattern
nearly identical to that of TMPm-H-0, and yielded
the corresponding DITP-6H,0, ITP-6H,O mixture
in 309 NaOH (75°). The monohydrates of all
three ring imidophosphates are isomorphous and
form a continuous series of solid solutions. The
hexahydrates of DITP, ITP, and TP are similarly
isomorphous. A typical analysis of DITP-6H.O
gave 24.39 Na, 19.87, P, 5.929; N (theoretical,
24.269, Na, 19.0%, P, 5,919, N), a titration curve
with pronounced endpoints at pH 5 and 8.6 (spread
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one H per mole of DITP-GH,0) and a vague end-
point at pH 10.8.
A detailed paper on this work is in preparation.

THE PROCTER & GAMBLE COMPANY A. NARATH
RESEARCH & DEVELOPMENT DEPARTMENT F. H. LoHMAN
MiaMI VALLEY LABORATORIES O. T. QuiMBY

CixcINNATI 31, OHIO
RECEIVED JuLy 16, 1956

ISOLATION AND STRUCTURE OF MELANOCYTE-
STIMULATING HORMONE FROM PORCINE
PITUITARY GLANDS!

Sir:

We wish to report herein the isolation in pure
form of the melanocyte-stimulating hormone
(MSH, intermedin) from the posterior lobes of por-
cine pituitary glands. The structure of this hor-
mone, a peptide consisting of 18 amino acids, will
also be presented in this communication.

A crude fraction of MSH was prepared from por-
cine posterior pituitary powder by glacial acetic
acid extraction and fractional precipitation with
acetone and ether, followed by adsorption on oxy-
cellulose (159 of the weight of the ether precipi-
tate).? Following elution with 0.1 N HCI, a highly
potent? concentrate was obtained. The eluate was
de-acidified with methyldioctylamine?* and brought
to pH 6.5-7.0 with dilute ammonia. The precipi-
tate that formed was discarded, and the superna-
tant fraction, after lyophilization, was submitted to
zone electrophoresis on starch® with a pyridine-ace-
tic acid buffer of pH 4.9. A peak containing the
bulk of the MSH activity could be eluted from a
very narrow region; this peak was then submitted
to countercurrent distribution for 1100 transfers at
20°, in the system 0.59% trichloroacetic acid vs. sec-
BuOH. One main skewed peak was observed.
The peak was divided in half and each half was re-
covered separately. When both halves were re-run
in the same system for 248 transfers, the distribu-
tion curve of each was virtually identical to the the-
oretical, and both possessed K values of 0.60.
They were also shown to possess practically identi-
cal biological activities.

Quantitative amino acid analysis of the 24- and
48-hour acid hydrolysates by the paper-fluorodini-
trobenzene method?® gave the following composition,
based on molar ratios of the constituent aminoacids:
Aspe,n,Gluz,n,Sen.n,Glyl.9,Proa.y,Metn,7,Phe1.1,Tyn‘n,Lysm,Hisl.n,A{‘%;o,

1.0.

Tyrosine and tryptophan were determined by a
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