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should not be attempied because of excessive temperatures and pres-
sures encountered durving the exothermic reaction which takes place
on warming the charged veactor to room temperalure. Reactors
must be passivated with fluorine at the temperature and pressure to
be used, and, in general, all of the safety considerations involved in
handling fluorine and interhalogen compounds must be observed.

Preparation of Chlorine Pentafluoride.—Potassium chloride
(0.25 mol) was placed in a 1-l. stainless steel cylinder. The
cylinder was attached to a metal vacuum line and fluorine (1.25
mol) condensed in at —196°. After warming to room tempera-
ture (caution: extreme exotherm occurs at or near room temperature),
the reactor was heated in a 200° oil bath for 8 hr. After cooling
to ambient temperature, the cylinder was attached to the vacuum
line and cooled to —134°. The excess fluorine was slowly bled
through a —134° trap intoa —196° trap. When pressure in the
system had equalized, the fluorine trap was closed (the excess
fluorine may be reused or disposed of) and the residual fiuorine
was pumped out. The —134° trap and the reaction cylinder
were warmed to ambient temperature and their volatile contents
were transferred to a stainless steel storage cylinder.

The product was identified as chlorine pentafluoride by its
infrared bands at 732 and 786 cm 1.8 No evidence for chlorine
trifluoride was noted in the infrared spectrum of the majority
of the samples. Molecular weight determinations by the vapor
density method gave a value of 126 =+ 2.5 (959, confidence
limits) (calculated value, 130.45).

The high-resolution *F nmr spectrum of the product was in
close agreement with the values reported in the literature.l

X-Ray powder patterns of the solids remaining in the reactor
showed the presence of KF and KCIFy.

Preparation of Bromine Pentafluoride.—In the manner de-
scribed above, potassium bromide (0.02 mol) and fluorine (0.12
mol) were charged to a 150-ml Monel cylinder. While warming
to room temperature, an exothermic reaction occurred., The
reactor was kept at room temperature overnight. The product
was then separated from excess fluorine by passage through a
—134° trap, the reactor being heated to 60° at the end to drive
off any product adsorbed on the solids The product was then
transferred to a storage cylinder. The in-hand yield was 46.59,
based on KBr charged. The product was identified as bromine
pentafluoride by its infrared bands at 587, 644, and 683 cm™1.16
The vapor pressure of the product at 28° was 464 mm (lit.
value,* 461 mm at 28°).

X-Ray powder patterns of the solids remaining in the cylinder
showed the presence of KF and KBrF;.

(16) G. M. Begun, W. H. Fletcher, and D. F. Smith, J, Chem. Phys., 43,
2236 (1965).
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Proton magnetic resonance spectra of styrene de-
rivative complexes of platinum have been studied.
Their ethylenic protons show weakly coupled ABC
spectra with %Pt satellites, readily giving values of

(1) To whom inquiries should be addressed at Kyoto University,
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three chemical shifts and six coupling constants for
each complex. The general experimental trends are
similar to those for homologs of Zeise’s salt reported
by Fritz, et al.,® and for dichloro(pyridine 1-oxide)-
olefin- (and -alkyne-) platinum (IT) complexes by Kaplan
and Orchin.?

The ethylenic protons are designated as in I. The

XCsH,y Hp™|~
/
C=C K+
VTN
Hy ¢ He
PtCl;

I,X = p-CH;O, p-CH,, H, p-Cl, m-NOy, p-NO,

X'’s are substituents for styrene with electron-releasing
and -withdrawing character of differing strength. The
magnetic parameters were determined by an iterative
method similar to Swalen and Reilly’s* and are collected
in Table I. Figure 1 is plots of the ethylenic proton
shifts vs. Hammett’'s o constants for the substituents.
The shifts are given in cycles per second downfield
from TMS at 60 Mc. The relative signs of the cou-
pling constants Jap, Jac, and Jac were found to remain
the same in the complexes by the field-sweep double-
resonance technique.?

Upon complexing, the ethylenic protons show up-
field shifts, and the coupling constants among them
decrease. The coupling constants between the plat-
inum and the protons are of the order of 70 cps. Al-
though it is difficult to advance a quantitative ex-
planation of the electronic structure of the complexes
from these data alone because of the complexity of
chemical shift and nuclear spin—spin coupling® it is
worthy of notice that the values of Jp;_nu are comparable
in magnitude to those in alkylplatinum complexes,’
where the carbon is ¢ bonded to the platinum through
an sp?® orbital of the carbon. The large coupling can
be ascribed to rehybridization from sp? to some sp?
character of the carbon atoms and concomitant dis-
placements of the ethylenic protons away from the
platinum atom, as suggested by Braterman.® The
slight saturation of the double bond by complexing
with platinum may be partly responsible also for the
increased shielding and decreased coupling of the
ethylenic protons on complexing. Furthermore, it
is seen in Figure 1 that polar effects of the substituents
on the shifts of the ethylenic protons are generally
lessened by complexing. This may also be considered
to reflect the decreased transmission of the polar effects
due to less double-bond character of the exocyclic bond
in the complex. In the case of Ha, this mechanism
cannot be responsible. However, the change of the

{2) H. P. Fritz, K. E, Schwarzhans, and D. Sellmann, J. Organomeial.
Chem. (Amsterdam), 6, 551 (1966).

(3) P.D. Kaplan and M, Orchin, Inorg. Chem., 6, 1096 (1967).

(4) J. D. Swalen and C. A. Reilly, J. Chem. Phys., 87, 21 (1962).

(5) R. Freeman and D. H. Whiffen, Mol. Phys., 4, 321 (1961).

(6) J. W. Emsley, J. Feeney, and L. H, Sutcliffe, ““High-Resolution Nu-
clear Magnetic Resonance Spectroscopy,”” Vol. 1, Pergamon Press Ltd.,
London, 1965, Chapters 3—5.

(7) (a) J. A. 8. Smith, J. Chem. Soc., 4736 (1962); (b) C. R. Kistner, J. H.
Hutchinson, J. R. Doyle, and J. C. Storlie, Inorg. Chem., 2, 1255 (1963); (c)
S, F. A, Kettle, J. Chem. Soc., 6664 (1985).

(8) P. 3. Braterman, Inorg. Chem., 5, 1085 (1866).
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TaBLE I
CreMIcAL SHIFTS AND CouPLING CONSTANTS
Complex Free Ligand
Sub- ~——Chemica! shifts®——r —= Coupling constants® Chemical shifts®—-——u —Coupling constants’—
stituent SA B LIe) JAB Jac JBe Ja-rt JB-Pt JC-Pt SA 5B 1o} JAB JAc JBC
p-CH;O 370.1 284.0 245.4 13.6 8.5 0.7 73 61 70 400.8 338.1 304.3 17.5 11.1 1.1
p-CH; 371.9 288.7 250.1 13.9 8.5 0.7 74 61 69 402.6 343.7 309.1 17.6 10.8 1.1
H 372.6 290.9 252.4 13.8 8.5 0.7 74 61 69 404.9 347.8 313.2 17.7 11.0 1.1
p-Cl 369.4 289.6 254.2 13.7 8.5 0.6 74 60 68 406.7 349.0 315.8 17.9 11.0 0.9
m-NQ, 372.8 297.4 261.3 13.0 8.1 0.3 75 60 67 414.3 362.1 327.5 17.7 10.9 0.5
p-NO, 373.3 204.9 260.5 13.2 8. 0.3 75 60 67 414.2 364.1 331.3 17.6 11.1 0.6
¢ In cps downfield from TMS as internal standard at 60 Mc. ? Incps.
constants is not necessarily surprising even if Hp and
[ . i Hc were exactly equivalent to platinum, since the
B P %00 C~Hp and C-Hc bonds have different electronic struc-
i ooH 5 tures, being ¢is and frans to the phenyl group.  Further-
r - more it may be hazardous to conclude that protons
o w F having larger coupling constants are closer to platinum.
N wlE T Rather chemical shift is likely to be a simpler function
= 300k < S0 of the proximity to platinum, and accordingly Hz and
v v
b J F Hc may be closer to the metal than Ha, as suggested
< . . . . . .
g L 2 L by Fritz.? This inference is still somewhat incon-
;J L I clusive, because an X-ray study®® on a similar com-
° 0 R -4 pound, [(CeH;CH=—CH,)PdCly],, does not explicitly
1 —_
Q ! (8] L . . e
02 2 _ 5 S wo- oz T gg indicate the positions of the protons.
EE: 5 g¢ I Experimental Section
QU a I q 1SN o0 C . . .
L ° R A Styrene was used after redistillation. Styrene derivatives
N . ‘ ; ) ) oo HIA | | were prepared by the methods previously reported,"~!* and their
-05 05 10 =05 0 05 10 platinum(I1) complexes were prepared by a modification of
v < Anderson’s procedure.’® Zeise’s saltl® (0.3 g) was allowed to
COMPLEX FREE LIGAND

Figure 1.—Plots of vinyl proton chemical shifts »s. Hammectt

react with styrene (0.3 g) dissolved in ethanol (20 ml) in the
atmosphere of nitrogen under reduced pressure which was
gradually lowered from 100 to 15 mm for 2-3 hr at 30°, and finally

PREPARATION OF STYRENE-PLATINUM(II) COMPLEXES

Analyses, %

C H: N
Caled Found Caled Found Caled Found
21.60 21.45 1.81 2.02
22.76 22.54 2.32 2.23
23.56 23.74 2.20 2.43
19.61 19.55 1.44 1.68 2.86 3.03
19.61 19.43 1.44 1.60 2.86 2.98
20.05 19.86 1.47 1.73

constants.
TaBLE II
Molar Yield, Molecular
X« ratio % Color formula

H 1:3.5 59 Orange-yellow CeHsC3K Pt
p-CH;0 1:2.8 53 Reddish yellow CyH1,OCLK Pt
p-CH; 1:3.0 84 Reddish yellow CyH,,Cl;KPt
$-NO. 1:1.8 48 Orange-vyellow CsH;0:NCl; K Pt
11-NO2 1:1.8 61 Orange-yellow CsH70.NCL K Pt
p-Cl 1:1.8 60 Orange-yellow CsH/CLLKPt

o Substituent in KXCeH,CH==CH, - PtCl;.

charge density at the a-carbon atom due to electron-
releasing or -withdrawing substituents in styrenes may
be partly compensated by correspondingly excessive
donation or back-donation on complexing, and the
substituent effects on Hy shifts become less conspicuous
in the complex.

Kaplan and Orchin® point out that the substantial
difference between the coupling constants Jp¢_m for
Hg and Hc is surprising in view of the probable spatial
equivalence of both protons to the metal, and they
correlate the magnitudes of the coupling constants
simply with the distances from the metal. Nuclear
spin coupling is, however, dependent upon several
still unknown factors of both signs even for very simple
systems.® Thus this much difference in the coupling

(9) Y. Kato and A. Saika, J. Chem. Phys., 46, 1975 (1967),

b Ratio of Zeise's salt to the styrene component.

the aleohol and an excess of the styrene were distilled off. The
dark yellow residue was dissolved in an aqueous solution of 4%
hydrochloric acid and the solution was treated with a little
charcoal. The filtrate was concentrated in a vacuum desiccator
containing concentrated sulfuric acid and potassium hydroxide
pellets. Deep orange-yellow needles were filtered, washed with
ether, and dried in vacuo.

Other styrene complexes were prepared similarly from the
corresponding styrene derivatives. Use of a large excess of
styrene components was rather unfavorable owing to the forma-
tion of resinous substances. The molar ratios of Zeise's salt
to styrene components which gave the best yield, together with
the properties and analyses of the platinum complexes prepared,
are summarized in Table II. In thecase of p-nitro-, m-nitro-, and

(10)
()
(12)
(13)

J. R. Holden and N, C, Baenziger, J. Am, Chem. Soc., T7, 4987 (1955).
C. Walling and K. B. Wolfstirn, ibid., 69, 852 (1947).

M. Sutzbacher and . Bergmann, J. Org. Chein., 13, 303 (1948).

R. H. Wiley and N. R, Smith, J, Am. Chem. Soc., 72, 5198 (1950).
(14) L. A. Brooks, 7bid., 66, 1295 (1944).

(15) J. S, Anderson, J. Chem. Soc., 1042 (1936).

(16) J. Chatt and L. A. Duncanson, ¢bid., 2939 (1953).
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p-chlorostyrenes, the above procedure performed under reduced
pressure was repeated twice to complete the exchange reaction
by supplying the alcohol evaporated during the first cycle. All
of these complexes had no water of crystallization, and their
acetone-ds solutions remained unchanged for 1 day at least.
These complexes were all prepared in solution previously by Joy
and Orchin’” by cleavage of the respective dimers. However,
they were not isolated or characterized.

The nmr spectra were obtained using a JNM-3H-60 spectrom-
eter at 60 Mc and 25° and calibrated by the usual audiomodula-
tion side-band technique. At least 10 sweeps were recorded for
each spectrum, and 0.3 M solutions in acetone-ds were used with
TMS as internal standard.

Acknowledgments.—The authors are pleased to ac-
knowledge valuable discussions with Professor Y. Kato.
Expenses for the purchase of the spectrometer were
defrayed by the Ministry of Education.

(17) J. R. Joy and M, Orchin, J. Am. Chem. Soc., 81, 305 (1959).
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The reaction of trialkylaluminum compounds with
the halides of groups III-VI of the representative ele-
ments has been extensively reported in the literature.!
In all cases where the reaction proceeds, it occurs
readily on mixing the reactants at ambient tempera-~
ture. If the reaction does not go at ambient tempera-
ture, heating to the boiling point of the reactants has
no effect. The presence of sodium or potassium chlo-
ride has been found to make the reaction more satis-
factory by complexing the aluminum chloride formed.
Inert diluents such as hexane, benzene, and mineral
oil have been used to moderate the reaction and to
absorb the heat of reaction. During a series of prepara-
tive reactions of the group IV tetramethyl compounds,
it was found that silicon tetrachloride did not react
with aluminum chloride under the usual reaction con-
ditions. A search of the literature showed reference?
only to the reaction being carried out at 300° in an
autoclave. Since aluminum trimethyl decomposes
below this temperature, the latter reaction appears
to be a free-radical attack of the methyl group, different
from the ambient temperature mechanism. As a result
of the unexpected inertness of silicon tetrachloride, the
reactivity of a number of chloro- and bromo-substituted
methylsilanes was studied. These are listed in Table
I with the indicated result. Of the compounds studied
only trimethylchlorosilane showed reactivity.

(1) (a) K. Zeigler, “Organometallic Chemistry,” H. Zeiss, Ed., Reinhold
Publishing Corp., New York, N. Y., 1960; (b) L. I. Zakharkin and O. Yu
Okhobystin, Zk. Obskch. Khim., 31, 3662 (1961); (c) R. Koster, Ann., 618,
31 (1958).

(2) H. Jenkner, German Patent 1,034,174 (July 1958).
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TABLE I
REeacTIiON OF Al(CHj;)s witH HALOMETHYLSILANES

Compound Results
SiCl, No reaction
SiBry No reaction
Si(CH;).Cly No reaction
Si(CHj3).Br, No reaction
Si(CH;s)sCl 639 yield of TMS

The unreactivity of the silicon halides is not due to
thermodynamic factors since the free emnergies are
strongly favorable for all of the reactions. It would ap-
pear that the difficulty is in the formation of a transition
state. Since both trimethylaluminum and more highly
halogenated silanes are strong Lewis acids, the inter-
mediate cannot be a Lewis salt. Trimethylchloro-
silane is sufficiently basic to form a complex with tri-
methylaluminum and the reaction can proceed. It is
unlikely that steric factors are important since methyl
groups are larger than chlorine. Similarly the electro-
negativity difference between chlorine and bromine is
not sufficient to affect the reactivity.

The difference in reactivity between silicon tetra-
chloride and the remaining group IV chlorides suggests
an electronic factor may be important. The published
spectroscopic energy level data for these atoms® show
only small differences between corresponding energy
states, varying no more than 3000 in 70,000 cm™L.
However, silicon differs from the heavier elements of
the group in the absence of (» — 1)d orbitals. Such or-
bitals are not so greatly different in energy from the
ns and #p orbitals to preclude their participation in
transition states. The present work is part of a con-
tinuing study on the reactivity of the group IV halides
and alkylaluminum compounds.

Experimental Section

Materials.~—Trimethylaluminum was obtained from the Ethyl
Corp. as an 89, solution in a heavy mineral oil. This is a con-
venient concentration since it is not pyrophoric but only oxidizes
slowly. All of the silicon compounds except silicon tetrabromide
and dimethyldibromosilane were obtained from commercial
sources and were used as received or diluted with mineral oil.
Silicon tetrabromide was prepared by the reaction of the elements
in a Vycor tube followed by distillation.* The fraction boiling at
151-153° wag taken as product.

Dimethyldibromosilane.—This compound was prepared by
the reaction of dimethoxydimethylsilane (Dow Z-68072) and
acetyl bromide. The reaction was carried out in a 500-ml three-
necked flask equipped with condenser, stirrer, and addition
funnel. The acetyl bromide (99.4 g) was added to 38.8 g of
dimethoxydimethylsilane with stirring. After the addition, the
system was arranged for distillation using a Vigreux column and
methyl acetate removed first followed by 42.1 g of dimethyl-
dibromosilane, bp 108-109°, 579, theory.

Reaction of (CH;);Al and Silicon Halides.—All of the reac-
tions were run in a similar manner and therefore only one is
described to illustrate a convenient means of handling the
reactants. The reaction was carried out in a 1-1. three-necked
flask equipped with stirrer, condenser and bubbler, and a 250-
ml addition funnel, fitted with a Y tube leading to a nitrogen
source and connecting to the trimethylaluminum cylinder. Ini-

(3) “Atomic Energy Levels,” National Bureau of Standards Circular 467,
U. S. Government Printing Office, Washington, D. C., 1900.

(4) G. Brauer, “Handbuch der Preparativen Anorganischen Chemie,”
Vol. I, F. Enke, Stuttgart, 1960, p 609.





