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dation states by complex formation in molten salts has
been discussed previously.’®* Evidence for retention of
some In® in solution in the melt was provided by the
fact that indium metal separated out from the solid on
cooling. The question remains as to the state of com-
bination of the Inf in solution; we suggest that this may
be coordinated to In™" or, more likely, to InCl;~. The
strong, polarized Raman band at ca. 170 cm—! observed
for both molten In,Cl; and molten InCl; -4(Li, K)CI
could then be explained as due to the stretching mode of
an In—In bond; In3* is isoelectronic with Cd2+, and the
latter has been shown to coordinate with Cd® to form
Cds?7 in the molten state. The Cd—Cd stretching fre-
quency was found®® at 183 em™!, quite close to the
above-mentioned band in these indium-containing
melts. Association of In® with In' seems improbable
since it was shown in separate experiments that there is
no appreciable solubility of indium metal in molten
InAlCl, which contains only Ink.

Unfortunately the present results do not provide
sufficient information to deduce the actual structure of
the proposed In°-In' species, and more extensive
Raman studies were severely hindered by the deep red
color of the melts. The presence of the strong band at
281 em ™! may be indicative of competitive coordination

(15) J. D. Corbett, W. J. Burkhard, and L. F. Druding, J. Am. Chem. Soc.,

83, 76 (1961).
(16) J. D. Corbett, Inorg. Chem., 1, 700 (1962).
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of InCl,~ by free CI~ to form InCl;2~ and InClg®~, but
broadness of the band suggests that it may also contain
contributions from the In-Cl stretching modes of a
complex of the type (InCLIn%)2~. TItisworth noting at
this stage that in the molten Bi-BiCl; system which,
like InCl and InyCls, is very deeply colored, there is
strong evidence!” to substantiate the existence of such
moieties as Bi;®*, which probably are further coordi-
nated to chloride ligands.

We should point out that although the above con-
clusions may be speculative, the evidence for dispro-
portionation of In' in the presence of free chloride is
quite strong, and if further studies of the indium chlo-
ride melts confirm the existence of metal-metal bonds,
then this is an entirely novel feature of the chemistry of
indium.

Since the preparation of this work for publication,
another paper offering Raman evidence for the formula-
tion of molten InCl; as In*InCl,~ has appeared.’s
However, the spectra in this paper are much less com-
plete than ours, and the authors failed to observe the
important new band at ca. 170 cm™! in their spectra on
addition of excess chloride. We have observed this
band for molten mixtures of InCl, and KCl, thus con-
firming our conclusion that it is a feature typical of
melts containing In* and excess chloride.

(17) N. J. Bjerrum, C. R. Boston, and G. P. Smith, ¢bid., 6, 1162 (1967).
(18) J.T. Kenney and F, X, Powell, J. Phys. Chem., T2, 3094 (1968),
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A fluorine-19 nmr study of several substituted pyridine 1-oxide adducts of titanium tetrafluoride is reported. Evideuce for
the existence of a number of trans-TiF,-2(donor) complexes is presented and discussed. Mixed adducts of TiF, in which the

donor molecules are oriented frans to each other in solution are reported for the first time.
stereochemistry of the TiF;-2(donor) complexes are discussed.

The factors which determine the
It appears that frans-TiFy-2(donor) is formed only when

there is sufficient steric interaction to overcome symmetry effects and the tendency to maximize pr—d« bonding.

Introduction

Recently several reports of research on transition
metal complexes of substituted pyridine 1-oxides have
appeared in the literature. Of particular interest was
the infrared study of some diadducts of titanium tetra-
fluoride with para-substituted pyridine 1-oxides (TiF,-
2(4-ZC;H,NO)).? The N-O and Ti-O stretching

(1) Presented at the 155th National Meeting of the American Chemical
Society, San Francisco, Calif., April 1968.

{2) (a) Abstracted in part from the Ph.D. thesis of D. S. D. submitted
to the University of Utah. (b) Wright-Patterson Air Force Base. (¢)
Chemistry Department, University of Utah.

(3) F. E. Dickson, E. W. Gowling, and T'. I, Bentley, 7norg. Chem., 6,
1099 (1967).

modes of this series of TiF,-2D (D = donor) complexes
were investigated as a function of the para substituent.
The observed linear correlation of these two vibrational
modes with the substituent constant ¢ was used to
elucidate the nature of the titanium-ligand bonds.
The present paper describes an °F nmr study of TiF,:
2(4-ZC;H/NO) and other titantium tetrafluoride-sub-
stituted pyridine l-oxide complexes.

Previous F nmr studies of the TiF,-2D adducts in-
clude the work of Muetterties* and of Ragsdale, et a/.5-

(4) E. L. Muetterties, J. Am. Chem. Soc., 82, 1082 (1960).
(5) R.O. Ragsdale and B. B. Stewart, Inorg. Chem., 2, 1002 (1963).
(6) 1.8, Dyerand R. O. Ragsdale, 7bid., 6, 8 (1967).
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TaBLE I

NMR DATA 7OR SOME cis- AND ¢rans-TiF;-2D CompLexXES IN CHLOROACETONITRILE AT —40°

—-——Chemical shift, 8 (0.5 ppm) (internal CFCl; ref)~——

5(cis)

Donor Triplet

CsHsNO —156.9
2-CH;C:H:NO —155.0
2-CoH;C:HNO —155.2
4-CHC;H.NO —151.0
2,4-(CH;),C;H;NO —149.7
2,6-(CHy ):C5H;NO

3,5-(CH; ). GH3;NO —152.2
CoH;NO« —156.3

* At —60°.

The data reported by Muetterties? contain chemical
shift values for only one complex (TiF, -2C.H;OH).
Ragsdale and Stewart’ gave nmr data for the three Ti-
I,-2ROH complexes where R is methyl, ethyl, and iso-
propyl. More recently Ragsdale and Dyer® reported an
9F nmr study of some mixed adducts of TiF, (Ti-
F;-DD’ complexes). In all these studies the two donor
molecules were found to occupy positions ¢is to each
other in the octahedra. Evidence for a frans orienta-
tion in some titanium tetrafluoride-substituted pyri-
dine 1-oxide complexes has also been reported.” In
this paper we have presented further evidence for the
existence of frans-TiF,-2D in solutions of some sub-
stituted pyridine 1-oxide—titanium tetrafluoride adducts
and discussed the factors which determine the stereo-
chemistry of MF,-2D complexes.

Experimental Section

Titanium tetrafluoride adducts were formed by the method
described by Muetterties' with 4-methylpyridine l-oxide, pyr-
idine l-oxide, 2-methylpyridine 1-oxide, 2-ethylpyridine 1-oxide,
2,4-dimethylpyridine 1-oxide, 2,6-dimethylpyridine 1-oxide, 3,5-
dimethylpyridine 1-oxide, quinoline 1l-oxide (“CyH;NO’"),
dimethylacetamide, and tetramethylurea. Mixed-adduct com-
plexes® were prepated iz sttu by addition of the appropriate sub-
stituted pyridine l-oxide to a solution of the TiF4-2D complex
in chloroacetonitrile. All solutions were prepared in such a way
as to exclude moisture. These adducts, were studied as chloro-
acetonitrile solutions by low-temperature ¥F nmr spectroscopy.
All spectra were obtained using a Varian A-56/60A nmr spec-
trometer equipped with a variable-temperature accessory.

Results

The results of the low-temperature *F nmr study for
some c¢is- and frans-TiF4-2D complexes are listed in
Table I. In Figure 1 a diagrammatical representation
of the °F spectra of the TiF, 2D complexes with var-
ious pyridine 1-oxides is shown.

The !*F spectrum of the cis complexes consists of two
triplets of equal intensity. Only ¢is adducts were found
in solution for pyridine l-oxide and 4-methylpyridine
l-oxide. Two triplets of equal intensity were also
observed in each of the spectra of the 2-methylpyridine
l-oxide, 2-ethylpyridine 1-oxide, 2,4-dimethylpyridine
1-oxide, and quinoline 1l-oxide complexes, but in addi-
tion a singlet resonarce was observed upfield from each
pair of triplets. Only a single line was seen for the 2,6-
dimethylpyridine 1-oxide complex.

Since fast exchange can collapse an nmr multiplet into

a single line, it is usually difficult to justify a structural
(7) D. 8. Dyer and R. O. Ragsdale, Chem. Commun., 601 (19686).

Triplet

—~129.5
—129.3

—127.4

—130.7

Some PyrIDINE 1-Oxipe Appucts 1117
F-F coupling
d(lrans) constant (£1), T trans
Singlet cps (£29)
—133.9 35 0
—127.8 36 7
—128.1 37 14
—131.3 35 0
—125.4 36 15
—133.3 100
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Figure 1.—Diagrammatic representation of the ¥F nmr signals
observed for the titanium tetrafluoride-substituted pyridine
l-oxide adducts in chloroacetonitrile at —40° . (The chemical
shifts are recorded in parts per million displacements from the
resonance of internal CFCl,.)

assignment on the basis of a singlet. Nevertheless, the
singlets observed in the spectra of the above solutions
are assigned to the respective trans-TiF,-2D complexes.
This assignment can be justified on the following bases.
(1) Since two triplets were resolved in each nmr
spectrum except that of TiF,-2(2,6-(CHs).C:HsNO), a
fast exchange at —40° involving a cis isomer is elimi-
nated for all solutions except those containing the latter
adduct. If the single line observed in the spectrum of
TiF,;-2(2,6-(CH;),CsH;NO) were due to fast fluorine
exchange in the cis isomer, the resonance would be ex-
pected to occur approximately halfway between the up-
field and downfield triplets of the c¢is complexes (see
Figure 1). Instead it occurs in the region of the up-
field triplets. (2) In the cis complex the fluorines,
which have only a ¢is relationship to the two donor
molecules, have been assigned to the upfield triplet.56
Consequently, it is expected that the resonance for the
trans-isomer fluorines, which are all ¢is to the two donor
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molecules, would occur in the region of the upfield trip-
let. (3) None of the observed singlets were due to the
hexafluorotitanate ion. This ion were prepared by the
addition of fluoride ion to the TiF,-2D solutions, and its
resonarnce appears several parts per million upfield from
any of the TiF, 2D resonances.

trans isomers were also observed when certain sub-
stituted pyridine 1-oxides were added to solutions of
TiF,-2DMA (DMA = N,N-dimethylacetamide) and
TiF,-2TMU (TMU = tetramethylurea) in chloro-
acetonitrile.  When 2,6-dimethylpyridine 1l-oxide
was added to TiF;-2DMA-—chloroacetonitrile solu-
tions and the low-temperature °F spectrum recorded,
nine lines were observed in the region where the upfield
triplet of TiF,-2DMA occurs. A spectrum of this re-
gion is reproduced in Figure 2. Three of these lines
constitute the upfield 1:2:1 triplet of TiF,-2DMA.

trans - TiF, 2(2,6-(CHy),CsH3NO)

upfield resonance of ¢/s-TiF,'OMA,
(2,6-(CH;),C5H;NO) ‘

upfield resonance of
c/s=TiF,-20MA L

trons-TiF, DMA,
(2,6-(CH,),CsHzNO)
|
|

l

|

! I !
-1360 . -1349 -1344 -I335

Figure 2,—Partial 1°F spectrum of a TiF4-2(CH;);NC(O)CH;~
2,6-(CH;).C;HsNO  solution in  chloroacetonitrile at —40°.
(In this spectrum is shown the region of the upfield triplet of
TiFs-2DMA. . The chemical shifts are listed in parts per million
displacements from internal CFCl;.)

The line which occurs farthest upfield has the same
chemical shift as the singlet which was assigned to trasns-
TiF,-2(2,6-(CH,);C;H;NO).  The remaining five
lines constitute the singlet and the upfield doublet of
doublets of #rans- and cis-TiFy- [(DMA)(2,6-(CH;)s-
C:;H;NO) |, respectively. The molar ratio of ¢is isomer
to trams isomer comcentration for TiF,-[(DMA)(2,6-
(CHy);CsH;NO) ] in these solutions was approximately
8:1.

When 4-methylpyridine I-oxide was added to a Ti-
F;-2TMU solution, the upfield portion of the spectrum
consisted of nine major peaks. This spectrum is re-
produced in Figure 3. Four of the peaks are also pres-
ent in the spectra of chloroacetonitrile solutions which
contain only TiF; . 2TMU. The absorbances in Figure
3 which are assigned to TiFy-2TMU are the lowest field
peak, which is the singlet of frans-TiF,-2TMU, and the
upfield triplet of ¢zs-TiF,-2TMU. The highest field
peak appears to be a singlet and is assigned to trans-
TiFy- [(TMU)(4-CH;C;H,NO)]. The four remaining
major peaks constitute a doublet of doublets which is the
upfield portion of the resonance of ¢is-TiFy- [(TMU)(4-
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upfield resonance of
¢/5=Tify-TMU, 4-CH,C H,NO

cis - TiFF2TMU

/iN\J

/ upfield resonance of
‘; ¢/s~Tif,-2(4-CH,CsH,NO)
\ /

trens-TiFq*
-~ TMU, 4~CH,C,H,NO

frans -TiF,- 2TMU

-133.3 -1322 =131.1 -129.9

Figure 3.—Partial F spectrum of a TiF, [(TMU)(4-CH;-
C;HNO)] solution in chloroacetonitrile at —50°. (In this
spectrum is shown the region near the upfield triplet of TiFy-
2TMU. The chemical shifts are in parts per million displace-
ments from internal CFCl;.)

CH;C;HNO)]. One of the triplets of TiF,-2(4-CHs-
CsH,NO) is buried under the doublet of doublets, but
the upfield member can be seen in the figure.

The same spectral region of a TiF,-2TMU—-4-O,;N-
C;H;NO solution is shown in Figure 4. ¢zs- and trans-
were present, but frans-TiF,- [(TMU)(4-0,NC;H,;NO) ]
was not observed. The TiF, -2TMU fluorine chemical
shift seems to be somewhat dependent on the tempera-
ture and on the concentrations of other species in the
solution.

upfield resonance of ¢/s-TiF, 2TMU

upfield resonance of
¢/5-TiFs* TMU, 4-0,NCsH NO
trans ~TiF 2TMU

Y

L I s
-136.8 -133.3 - 1319

Figure 4,—Partial ¥F spectrum of a TiF,-2(CH;):NC(O)(N)-
(CH;)»-4-0;NC;H:NO solution in chloroacetonitrile at —40°.
(In this spectrum is shown the region near the upfield triplet of
TiF;-2TMU. The chemical shifts are in parts per million dis-
placements from internal CFCls.)

Discussion

In a fluorine-19 nmr study* of some MTF,-2D adducts
(M = Tior Sn, D = donor) it was reported that solu-
tions of titanium tetrafluoride or tin tetrafluoride in
ethanol contain primarily the cis-MF4-2C,H;0H com-
plexes. No trans-MF,-2C.H;0H was detected for
either of the two metals. A subsequent study?® of Ti-
F~C.H;OH solutions confirmed the ¢is orientation of
the donor molecules in TiF.-2C,H;OH. However, it
was reported that SnF,~C,H;OH solutions contain c¢¢s-
and rans-SnF,-2C,H;0H in equilibrium.®  The ¢zs and
trans isomers were found to be of approximately the

(8) R.O.Ragsdale and B. B. Stewart, Proc. Chem. Soc., 194 (1964).
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same concentration at —50°, but the equilibrium
shifted in favor of the cis isomer as the sample was
warmed. Since Sn and Ti are chemically similar, it
seemed reasonable to assume that with some donor mole-
cules the TiF,.-2D complexes could also exist in a frans
configuration. In an examination of this assumption,
the factors® which might be expected to influence the
stereochemistry of MF,-2D complexes in solution were
reviewed. The factors considered are steric repulsion,
symmetry effects, and pwr-dm bonding. Although
these factors are interrelated to some extent, they will
be considered separately for the most part.

Steric repulsion between the fluorines, if present,
would be expected to favor the trans configuration, be-
cause there are five F-F interactions in a ¢ts complex
and four in a frams complex. However, the fluorines
are relatively small, and appreciable steric interaction
between them might not occur when M is Ti or Sn unless
a decrease (from 90°) in the FMF bond angles of a cis-
MF,-2D complex were induced by donor molecule—
fluorine repulsion. As the size of M decreases, F-F re-
pulsion would, of course, become more important. Any
interference between two large donor molecules or be-
tween the donors and the fluorines would decrease the
entropy of a complex, with steric interference between
the donors favoring frans configuration.

The symmetry of an MF;-2D complex is higher for
the trans isomer than for the cis isomer. Therefore, in
the absence of steric effects AS for the equilibrium

trans-MF,-2D <_> ¢1s-MF,-2D

should be positive. If so, as the temperature is in-
creased, this equilibrium will shift to the right, since AG
(=AH — TAS) would become more negative. In the
study?® of SnF,-2C.H;OH the concentration of the cis
isomer increased as the temperature was raised. An
estimate for AS can be obtained, since on a statistical
basis ¢is-MF:-2D is four times more probable than
trans-MF;-2D. The expression AS = R ln (Wy/Wy),
where Wy and W, are the thermodynamic probabilities
of the trans and cis isomers, respectively, gives 2.8 eu
for AS (i.e., it was assumed that Wo/W; = 4). How-
ever, this statistical analysis will be valid only in the
absence of steric effects.

If metal d orbitals of low enough energy and proper
symmetry are available, the fluorines will tend to ar-
range themselves so as to maximize fluorine-metal pr—
dx bonding.? Capacity for F-M 7 bonding apparently
favors the cis isomer. Overlap of the fluorine p orbitals
with the metal d,,, d.., and d,, orbitals may be more
effective in the ¢is structure. However, it is more likely
that competition among the ligands for the available d=
orbitals makes the ¢is configuration energetically more
favorable. The F chemical shift data of the cis-Ti-
F,-DD’ complexes have previously been interpreted by
a 7 mechanism.® It was suggested® that competition
between a fluorine and the ligand frans to it for the
available dr orbitals determines the amount of F-M
bonding and hence the '°F chemical shifts in the TiFy-

(9) 1. R. Beattie, Quart. Rev. (London), 17, 382 (1963).

SoMme PyripINE 1-OxipE ApDUCTS 1119

2(donor) complexes. For these complexes the nmr
signals of the two fluorines that are frans to the donor
molecules occur downfield from the resonance of the
other two fluorines, which are frams to each other.
Likewise, in the study of the TiF;-ROH™ complexes,®
the downfield resonance was found to be due to the
fluorine frans to the donor molecule. It appears, there-
fore, that a fluorine can compete more successfully for
the available dr orbitals with a trans oxygen than witha
trans fluorine.

Additional support for F-M = bonding has been sug-
gested® by comparison of the °F chemical shift data
for T1F42CQH5OHD and cis-SnF4~2C2H5OH.8 The
fluorine resonances in the titanium complex (d% are
separated by 60 ppm whereas in the tin complex (d'%)
the chemical shift between the two types of fluorine is
approximately 1 ppm. The difference in the chemical
shift has been interpreted by a reduced pr—dr interac-
tion for d' electronic configuration. Since both the
cis and trans isomers of SnF, in ethanol have been de-
tected as compared to only the ¢is TiF, isomer, we sug-
gest that there is decreased = bonding for the tin com-
plexes. Other studies have also implied that stannate
ion lacks the tendency to form pr—d= bonds with first-
row atoms. For instance, studies of hydrogen bond
formation between ether or phenol and the compounds
(CeH;)sMOH (M = 8i, Ge, Sn, or Pb) indicate that =
bonding from oxygen to M is greatest when M is silicon,
weaker when M is germanium, and negligible when M
is tin or lead.1?

From the experimental data it appears that frans-
TiF-2D is formed only when there is sufficient steric
interaction to overcome symimetry effects and the ten-
dency to maximize pr—dr bonding. Fischer~Hirsch-
felder—Taylor models of the ¢is and #rans forms of TiF,-
2(2,6-(CH;)eCsHyNO), the complex for which only
the frans isomer was observed, were examined. In the
cis structure the model showed considerable steric hin-
drance between the methyl groups and the fluorines.
This, in turn, would cause steric interaction between
the fluorines which could be relieved by isomerization to
the frams structure. This model also indicated that the
donor molecules do not interact with each other in the
equilibrium configuration. It seems, therefore, that
TiF4-2(2,6-(CH;),C:HsNO) exists primarily as the trans
isomer because of donor-induced repulsion between the
fluorines in the s structure. This conclusion is sub-
stantiated by the observation that TiF,-2(3,5-(CHs),-
CsH;NO) has predominantly the ¢is configuration in
solution, For the latter adduct molecular models
showed no steric interaction between the methyl groups
and the fluorines.

Although no ¢1s-TiF;-2(2,6-(CH;),C:H;NO)  was
detected, a ¢is complex containing a 2,6-dimethylpyr-
idine 1-oxide molecule, c¢is-TiFs-[(DMA)(2,6-(CH;),-
CsH;NO)], was observed in the TiF,-2DMA-2,6-
(CH;),CsH3NO  solutions. Detectable quantities of
both the cis and trans isomers of TiF.- [(DMA)(2,6-

(10) R. West, R. H. Baney, and D. L. Powell, J. Am. Chem. Soc., 82,
6269 (1960).



1120 B. GASSENHEIMER AND R. H. HERBER

(CH;),Cs;H3NO) ] can exist in these solutions. It seems,
therefore, that steric interaction in ¢is-TiF,- [(DMA)-
(2,6-(CH3),CsH;NO) | is somewhat less than for the cis-
TiF4-2(2,6-(CH;):CsH;NO) structure, as might be ex-
pected.

The existence of #rans-TiFy- [(TMU)(4-CH;C;H,-
NO)] when no ftrans-TiF,- [(TMU)(4-O.NC;HNO)]
could be found might seem puzzling, because the para-
substituted pyridine 1-oxides should have the same
steric requirement. However, it has been suggested
that a strongly basic ligand will favor the frans isomer.®
The weakly basic nature of 4-nitropyridine l-oxide!!
should then favor formation of the ¢is isomer.? In fact,
this effect was also observed in the study of the adducts
of 2-methylpyridine l-oxide and 2,4-dimethylpyridine

Inorganic Chemisiry

1-oxide. The former donor molectle, which from res-
onance considerations would be expected to be the
weaker domnor of the two, formed the TiF,-2D complex
with a higher cis:#rans ratio (see Table I). At this
time it is not known what effect specific solvation may
have on the ¢is and #rans isomers, and there is a lack of
quantitative studies. Thus, many questions concern-
ing the factors which determine the TiF,-2(donor)
stereochemistry warrant further study.
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Méssbauer, infrared, and nuclear magnetic resonance data are reported for a number of related alkyl- and aryltin thiocyanates
and cyanides. From '98n isomer shift and quadrupole splitting data it is inferred that the R;SnCN and R;SnSCN
compounds in the solid state adopt a trigonal-bipyramidal configuration involving a planar RsSn moiety linked by bridging
bidentate -CN- or ~SCN- groups. The quadrupole splittings which are observed arise largely from the C;, symmetry
around the metal atom and the difference in donor properties of the equatorial and axial ligands, rather than from p,—p,

or p,—d, interactions.

symmetry around the metal atom in which the two R groups occupy #rans coordination sites.

The Méssbauer and infrared data for the R:Sn(SCN), species are consistent with nearly octahedral

Mossbauer data for frozen

solutions of (C4Hg)Sn(SCN); in MHF (glassy matrix) and CH3CN (crystalline matrix) are interpreted in terms of an octa-

hedral complex structure in which two solvent molecules occupy two of the six (equatorial) coordination sites.

Nuclear

magnetic resonance data for methyl- and ethyltin compounds can be correlated with 119Sn isomer shift data, an increase in
the proton shift from TMS being reflected in an increase in the isomer shift, referred to Sn0O..

I. Introduction

The details concerning the structure and bonding in
organotin cyanides and thiocyanates have received
considerable attention in the recent literature in an
attempt to correlate the structural parameters of such
species with their observable physical and chemical
properties. Mossbauer effect spectroscopy—used in
conjunction with other molecular structure spectro-
scopic techniques such as nuclear magnetic resonance,
infrared, and X-ray diffraction methods—can serve
to shed considerable light on these problems, and the
present study was undertaken to examine the detailed
relationships between the Méssbauer parameters of a
number of organotin cyanides and thiocyanates and
the structural and bonding parameters determined by
other methods.

II. Experimental Section

The compounds examined in the present study were prepared
by methods reported in the earlier literature. The organotin

(1) Senior Research Participant,

thiocyanates were obtained? by mixing ethanol solutions of the
corresponding organotin bromide or chloride with an ethanolic
solution of KSCN, filtering off the insoluble halide, and isolating
the organotin thiocyanate from the C.HyOH filtrate. The
products were purified by recrystallization from benzene [(CH;);-
SnSCN, (CeHs)SnSCN] or from acetonitrile [RoSn(SCN)]
or by distillation [(C.H;s):SnSCN and (CiH,):SnSCN] and gave
satisfactory elemental analyses® for C, N, H, and S. The or-
ganotin cyanides were prepared®® by contacting ether solutions
of the corresponding alkyltin halide with aqueous solutions of
KCN, recovering the crude product from the ether layer, and re-
crystallizing from benzene.

Sn(SCN), was prepared by refluxing an acetonitrile solution
containing 0.11 mol of SnCls through a Soxhlet extractor con-
taining 0.44 mol of KXSCN for 30 hr under nitrogen. The re-
sultant white, hygroscopic solid (which yellows on exposure to
air) was analyzed spectrophotometrically using the absorbance of
the ferric thiocyanate complex at 480 x. The observed SCN:Sn

(2) D. Seyferth and E. G. Rochow, J. Am, Chem. Soc., TT, 1302 (1955);
M, Wada, M. Nichina, and R. Ikawara, J. Organometal. Chem. (Amsterdam),
3,70 (1965).

(3) (a) G. I. Robertson, Florham Park, N. J.; (b) W. F. Edgelland C. H.
Ward, J. Am. Chem. Soc., 76, 1169 (1954); see also: D. Seyferth and N.
Kahlen, J. Org. Chem., 25, 809 (1960); J. Lorberth, Ber., 98, 1201 (1965);
. J. M. van der Kerk and J. G. A, Luitjen, J, Appl. Chem., 6, 49 (1956).,



