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disproportionation ## zacuo according to the equa-
tion 581;Cls — 4SiCly + SigClys.

In a representative reaction 1.4540 g. (5.45 m-
moles) of pure disilicon hexachloride and less than
0.10 mumole of trimethylamine were placed to-
gether in a sealed evacuated vessel and allowed
to stand at room temperature for twelve hours.
A liquid and large clear cubic crystals now were
present in the tube. The tube then was cooled
to —45°, opened to a vacuum system and the ma-
terial volatile at that temperature and 10-%
mm. of pressure was removed, measured and identi-
fied as 3.14 mmoles of SiCl,. The large clear
crystals remaining in the tube were allowed to
warm to 0° where an equilibrium pressure of 12.3
mm. was observed. The material volatile at 0°
and 107° mm. of pressure then was removed,
measured and identified as 1.12 mmoles of SiCl,.

The white microcrystalline solid remaining in the
tube had the composition (Si;eClss)., and was
heated gradually to 125° with the pressure main-
tained at 10~ mm. At this temperature aud pres-
sure the entire solid residue sublimed and condensed
into beautiful clear crystals, which upon standing
at room temperature gradually reverted to the
microcrystalline solid previously described; 0.7419
g. of this solid was dissolved in trichlorosilane and
the data shown in Table I were obtained.

TABLE I
SiHCls Vapor

Vapor tension of

pressure solution Mmoles of
°C. in mm. Mmoles of8 in mm, APmm solute
0.00 219.0 59.6-1.1 215.0 4.0 1.09
0.00 219.0 &80.7-1.1 214.2 4.8 1.11
5.53 277.0 50.2-1.1 270.8 6.2 1.12

From the tabulated data the apparent molecular
weight of the white solid is found to be 668 =+ 7¢;
calculated for SigCly, 664.8.

Analysis of a sample purified by recrystalliza-
tion from trichlorosilane and vacuum sublimation
gave: 25.169, Si, 74.549, Cl. Calculated for
SigClyy: 25.33%, Si, 74.679, Cl.

In vacuo, SigCly reacts slowly with methanol with
the evolution of 4.92 moles of hydrogen per mole.

Traces of trimethylamine catalyze further dis-
proportionation of Si;Cly4 at elevated temperatures
to SiCly and a yellow solid, (Si;.Cli.so)x, different
from any “sub-chloride” reported by earlier
workers.?¢78.9  The temperature at which the

(3) The amount of trichilorositane acting as solvent was estimated by
cooling one solution to —786° and removing the trichlorosilane
volatile at that temperature. The remaining solid was warmed to 0°
where the observed equilibrium dissociation pressure of trichlorosilane
above it was 93 &= 1 mm. Trichlorosilane volatile at 0° was removed
and determined to be 1.12 mmoles. Therefore, it was assumed that in
all of these solutions there were 1.1 mmoles of solvation since the
dissociation pressure of the trichlorosilane complex was well below the
activity of trichlorosilane in each of the solutions examined.

(4) While the dissolved species presumably is SisClia*SiHCls, the
apparent molecular weight calculated here is based on a weighed
amount of unsolvated material. If the solvation correction described
in footnote (3) is mot applied to the mmoles of available solvent, the
apparent molecular weight is calculated to be 688 =+ 8.

(3) Troost and Hautefeuille, Ann. chim. phys.. (3) T. 459 (1871).

(6) R.Schwartz and C. Danders, Chem. Ber., 80, 444 (1947).

(7) R.Schwartz and U. Gregor, Z. anorg. aligem. Chem., 241, 335~415
(1939).

(8) K. A Hertwig and E. Wiberg. Z. Naturforsch., 8b, 336 (1951).

(9 E. . Rochow and R. Didtsclienko, TH1s JourNarn, T4, 5543
(1952).
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rate of this disproportionation becomes measur-
able depends on the amount of amine present.

SigClyy apparently is polymorphic with a phase
transition occurring at temperatures from 100 to
230° from a low temperature microcrystalline form
to a cubic crystalline form. The temperature at
which this occurs depends upon the rate of heating.
The high temperature form melts sharply at 318
+ 3° with no measurable decomposition.

SigClys is soluble in, and can be recovered un-
changed from, trichlorosilane and diethyl ether.
1t is insoluble in benzene, CCl;, CLCF-CF,Cl, and
methylcyclohexaie.

Differences in properties between the SigCly,
prepared in the present synthesis and substances of
this composition reported by earlier workers,10.11.12
may be accounted for by the apparent isomeric
purity of the present compound and the fact
that exposure to traces of oxygen materially re-
duces the thermal stability of SigCls.

(10) A. Besson and L. Fournier, Compt. rend., 149, 34 (1910).

(11) G. Martin, J. Chem. Soc., 105, 283G (1914).

(12) H. Kautsky and H. Kautsky, Jr., Z. fir Naturforsch., 9b, 235
(1954).

DEPARTMENT OF CHEMISTRY

PURDUE UNIVERSITY
LAFAVETTE, INDIANA

REecEIVED DECEMBER 3, 1959

ALEXANDER KACZMARCZYK
GRANT URRY

PREPARATION OF 2-THIOURIDINE 5’-DIPHOSPHATE
AND THE ENZYMATIC SYNTHESIS OF
POLYTHIOURIDYLIC ACID

Sir:

In order to gain further insight into the bio-
logical role of polynucleotide phosphorylase,?
we have initiated experiments designed to test the
nucleoside diphosphates of several purine and
pvrimidine analogs as substrates for this enzyme.
2-Thiouracil is incorporated into ribonucleic acid
(RNA) of tobacco mosaic virus® and Bacillus
megatherium,® in vivo. If polynucleotide phos-
phorylase is involved in RNA biosynthesis, then
2-thiouridine 5’-diphosphate should serve as a
substrate for the enzyme, in wvitro. This com-
inunication describes the preparation of three new
thiouridine derivatives (2-thiouridine 5’-phosphate,
2-thiouridine 3'-phosphoramidate and 2-thiouri-
dine 5'-diphosphate) and the utilization of thiouri-
dine diphosphate for the enzymatic svnthesis of
polythiouridylic acid, in vitro.

2/ ,3'-Isopropylidene 2-thiouridine (I) was pre-
pared from uridine by the five step synthesis of
Brown, et al* The protected nucleoside (I, 3
munoles) was phosphorylated with B-cyanoethyl-
phosphate (8.2 mmoles) and dicyclohexylcarbodi-
imide (24 mmoles) in dry pyridine.® The g-
cyanoethyl ester of 2',3’-isopropylidene 2-thiouri-
dine 5’-phosphate (II) was treated with dilute
alkali and then with acid to remove the blocking

(1) M. Grundberg-Manago and S. Ochoa, THis JoURNAL, 77, 3185
(19(:3’;7).1{. Jeener and J. Rosseels, Biochim. Biophys. Acta, 11, 438
1953).

( @ )R. Hamers, ibid., 21, 170 (1956).

(4) D. M. Brown, D. B. Parihar, A. Todd and S. Varadarajan,
J. Chem. Soc., 3028 (1958).

(5) P. T. Gilham and G. M. Tener, Chem. and Ind., 542 (1959).
We are grateful to Dr. Tener for a deseription of this new phosphoryla-
tion method prior to publication.
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groups. 2-Thiouridine 5’-phosphate (III) was
1solated in 569, yield based on I. Thiouridylic

acid was converted to the N,N’-dicyclohexylguani-
dinium salt of 2-thiouridine 5’-phosphoramidate
(IV) using the conditions described previously for
uridine 5'-phosphoramidate,® but substituting di-
methylformamide for formamide in the solvent
mixture (83% yield). The amidate (IV, 045
mmole) was converted to 2-thiouridine 5'-di-
phosphate (V, TUDP) using dioxane diphosphoric
acid’ as described previously.® The product was
isolated by ion exchange chromatography on
Dowex-1-chloride (1.4 X 7 cm., 8% cross-linked):
0.003 NV HCI + 0.04 M LiCl, 508 ml.,, TOD?5 ¢
= 595; 0.003 N HCI + 0.1 M LiCl, two peaks,
234 ml., TOD?% = 102; 590 ml., TOD?5 = 3,780
(TUDP).

The isolated lithium salt!® (100 mg., 429, yield
based on IV) was slightly yellow. It gave a single
ultraviolet absorbing spot upon electrophoresis
(pH 3.5, citrate buffer) and it was recovered quanti-
tatively from a single symmetrical peak after re-
chromatography by ion exchange.ll Its ultra-
violet absorption spectra at pH 2, 7 and 9 were
similar to that of 2-thiouridine.1?

Amnal. S:labile P:total P: 1.06:1.00:2.00.
retical: 1.00:1.00:2.00.

In the presence of polynucleotide phosphorylase,
TUDP showed an activity similar to UDP in the
P32 exchange assay.!®* Polythiouridylic acid was
synthesized by incubating TUDP (21 umoles)
with polynucleotide phosphorylase (4 units, gel
fraction!®) in 0.4 ml. of pH 8.0 Tris buffer (60
pmoles) containing Versene (0.4 umole) and mag-

Theo-

(6) R. W. Chambers and J. G. Moffatt, TaIs JoUrNAL, 80, 3752
(1959).

(7) E. Baer, ¢bid., 66, 202 (1944).

(8) R. W. Chambers, #bid., 81, 2022 (1959);
Shapiro and V. Kurkov, ¢bid., 82, in press (1960).

(9) TOD?® = optical density (1 cm. light path) X volume (ml.) at
275 my and pH = 2.7,

(10) Isolation as described in ref. 8.

(11) UDP and TUDP are well separated by ion exchange. No
contamination of the product with UDP could be detected.

(12) D. B. Strominger and M. Friedkin, J. Biol. Chem., 208, 663
(1954); G. Shaw, R. N. Warrener, M. M. Maguire and K. Phelps,
J. Chem. Soc., 2296 (1958).

(13) M. Grunberg-Manago, P. J. Ortiz and S. Ochoa, Biochim,
Biophys. Acta, 20, 269 (1936),

R. W. Chambers, P.
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nesium chloride (2 wumoles) at 30° for 4 hours.!
The product was isolated as a white solid.!* The
polymeric nature of this material is indicated by
gel formation during synthesis and its high sedimen-
tation coefficient, S; = 43 (cacodylate buffer
pH 7, u = 0.2), in the ultracentrifuge.

These results suggest that polynucleotide phos-
phorylase may be involved in the incorporation
of 2-thiouracil into RNA in viwvo. Further experi-
ments on the preparation of mixed polynucleotides
containing thiouridylic acid as well as the naturally
occurring nucleotides are in progress.

Acknowledgment.—We are indebted to Drs.
S. Mii and S. Ochoa for samples of polynucleotide
phosphorylase and to Dr. R. C. Warner for the
ultracentrifuge studies. This work was supported
by a National Science Foundation Grant (NSF
(G-4867).

(14) Release of imorganic phosphate corresponded to 53% of the
labile phosphate in TUDP.

(15) The isolation procedure was similar to that described pre-
viously for other polynucleotides; see ref. 13.
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REDUCTIVE DEAMINATION OF ALIPHATIC AMINES
Sir:

A direct method for effecting reductive deamina-
tion of aliphatic primary amines (RNH, — RH)
has not been available.! We now have found that
this conversion can be brought about if a sulfon-
amide derivative of the amine in alkaline medium
is treated with hydroxylamine-O-sulfonic acid
(*NH;080;-).2 This general procedure was used:
the sulfonamide (1 g.) was dissolved in a hot alka-
line solution (¢ca. 100 ml.) made up from sodium
hydroxide (10-12 g.), water (70-90 ml.) and
ethanol® (10-30 ml.). Solid *NH;080;~ (15-25
equivalents?) was added in small batches (ca.
0.5 g. every minute).®> The mixture was distilled
(ca. 1 hr.) and the product (hydrocarbon) was ex-
tracted from the aqueous distillate with CCly and
assayed by infrared spectroscopy. Unconverted
sulfonamide was recovered from the original
mixture by acidification, then extraction.

The generality of the reaction is indicated by our
results (Table I) with a variety of aliphatic amines
(and even with an aromatic amine). The yields
vary widely but are generally excellent when cor-
rected for recovered starting material. Clearly,
optimum conditions for conversion have not been
defined, and many modifications (even in the
nature of the reagent itself) suggest themselves.

A reasonable pathway for the reaction is shown.
The formation of the N-N bond is of added attrac-
tion because it might involve an electron deficient

(1) In contrast, this transformation is accomplished easily in the
aromatic series (N. Kornblum, '"Organic Reactions,’ John Wiley and
Sons, Inc.,, New York, N. Y., Vol. II, 1944, p. 262).

(2) F. Sommer, O. Schulz and M. Nassau, Z. anorg. allgem. Chem.,
147, 142 (1925).

(3) Sometimes ethanol could be omitted, but usually it was needed
to help keep the sulfonamide dissolved.

(4) The reagent decomposes in aqueous alkali? and in ethanol (R.
Nast, K. Nyul and E. Grziwok, #bid., 267, 304 (1952)).

(8) This allowed sufficient time for boiling and gas evolution to
subside between additions.



