1268 NOTES

shows a slight increase compared to (CsHs)Fe(CO)qBr.
By analogy with the series [(C:H;)Fe(CO)X],DPPA
and (C;H;)Fe(CO):X we would have expected [(C:;H;)-
Fe(CO)SnCl;[:DPPA to have a higher isomer shift than
the corresponding compound (C;H;)Fe(C0),SnCl;. In
these complexes, however, isomer shifts and quadrupole
coupling constants will be dependent on the detailed
stereochemistry at both tin and phosphorus atoms.
Thus interaction of SnCl;~ and (C¢H;)oP might be ex-
pected to decrease the Cl-Sn-Cl and C-P-C angles re-
sulting in increased ‘‘s’”’ contributions to the Sn-Fe and
P-Fe bonds and a consequent smaller isomer shift.
Since the X-ray study® of [(CsH;)sFex(CO);.DPPA
shows considerable steric interaction between the -
CsH; and (CeHj)oP groups, a similar distortion is likely
in the tin compound. Moreover the molecular struc-
ture of [(C;Hs)Fe(CO):):SnCl, indicates a marked de-
viation from tetrahedral geometry at the tin atom with
a Cl-Sn~Cl angle of 94° 10”.22 This distortion at the tin
atom is reflected in the large quadrupole splitting in the
1198n Mossbauer spectrum (Table II).  Although a di-
rect comparison of parameters for [(C;H;)Fe(CO);ls-
SnCly and [(C;Hs)Fe(CO)SnCL,DPPA is inadvisable
in view of the different symmetry at the tin atom in
each case, the data in Table II clearly suggest a larger
distortion at the tin atom in [(C;H;Fe(CO)SnCl;]s-
DPPA than in (C;H;)Fe(CO)eSnCl;.  Complete X-ray
data for this series would be interesting.

Méssbauer parameters for (C;H;) FeBr[P(OCHs)sl,
illustrate the effect of replacing the two carbonyl groups

(22) J. E. O’'Connor and E. R. Corey, Inorg. Chem., 6, 968 (1967).
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of (C;Hs)Fe(CO).Br with P(OCHj;);3. The increase in
isomer shift reflects the lower w-bonding ability of the
P(OCHj)s group compared to CO. A more distorted
iron environment and higher quadrupole splitting are
also noticeable for the phosphite complex.

The Mossbauer spectrum of [{ (CsHs)Fe(CO)s} o
DPPAJ(FeBrs), gives excellent confirmation of the
ionic formulation. The spectrum reveals two kinds of
iron atom, one with a lower isomer shift and highly dis-
torted environment, the other with a higher shift and
symmetric environment. The more symmetric iron
atom has the same isomer shift as FeBr,;~.2? Replace-
ment of FeBr,~ by FeCl,~ gave a further single reso-
nance, isomer shift 0.50 mm/sec characteristic of the
FeClLi~ ion (lit.2* value 0.55 nun/sec). Replacement
of the anions in [{(C;Hs)Fe(CO)}, | DPPA](FeX.), by
PF¢~ removed the single unsplit resonances from the
spectra. For the iodide [{(C;H;)Fe(CO)s}o(DPPA)I-
(Is)2 no absorption due to tetrahedral iron(I1I) was ob-
served. It can be seen that the asymmetric iron site in
the FeCl,~, FeBry™, I3, and PF¢~ derivatives remains
unaffected by anion changes and the parameters for the
cation [(C;Hs)Fe(CO):DPPA2+ are very similar to
those of the analogous unsubstituted carbonyl deriva-
tive (CsH;)Fe(CO); .
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Recently, Darensbourg and Brown reported?® kinetic
data for the thermal decomposition of Mo(CO);(CsHio
NH) to form Mo(CO)s and proposed that the decom-
position proceeded by the two-step mechanism shown
in the equations

1
Mo(CO)(CsHuNH) > Mo(CO) + CiHuNH (1)
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Mo(CO); + Mo(CO)s(CsHipNH) =5
Mo(CO)s + Mo(CO)(C:HNH)(?) (2)
The net result of the decomposition was the replace-
ment of piperidine by CO. We have been investigating
the thermal decomposition reactions of some other
metal carbonyl complexes in which a coordinated
ligand is substituted by CO. In this note, we pre-
sent kinetic data for the thermal decomposition re-
actions of the trans-Mn(CO);[P(CeHs):eX (X = CJ,
Br, I) derivatives (A) in s-tetrachloroethane at 40.0-
(0]
(l: €O
(CeHy),P —Mn— P(CHS),
e
0O
A
60.0° to give c¢is-Mn(CO)4[P(CsH;)3]X and suggest a
possible mechanism for the reactions.
Experimental Section

The trans-Mn(CO%[P(CsHs)slsX complexes were prepared
by maintaining a chloroform solution of the appropriate Mn-
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(CO)sX complex and a five—tenfold excess of P(CgHs)s at 60-80°
until the ir spectrum of the reaction mixture in the C-O stretching
region corresponded principally to that of the desired product.
(A small amount of ¢is-Mn{(CO)[P(CsH;):]X was almost always
present at this time.) The products were retrieved from solu-
tion by following the method outlined in the literature for similar
complexest and recrystallized until analytically pure.

The s-tetrachloroethane was purified as described in the litera-
ture.’

Kinetic data were obtained by monitoring the rate of de-
crease of the lowest energy C-O stretching absorption of each
substrate (~1914 ¢m™) using a Perkin-Elmer Model 337 grat-
ing infrared spectrophotometer. Solutions of the substrates
were prepared in aluminum foil wrapped® Schlenk tubes fitted
with neoprene serum caps and thermostated in a constant-tem-
perature bath. Samples were withdrawn with a syringe at appro-
priate intervals and their spectra were scanned in the C-O
stretching region. The rate of decomposition of frans-Mn(CO );-
[P(CsH;)3].Br at 50.0° was also measured by following the rate of
decreasing absorbance of the band at 449 mu in the visible spec-
trum. The rates obtained by the two different methods were
virtually identical. The visible spectra were recorded on a
Coleman-Hitachi Model 124 uv-visible spectrophotometer
coupled to an external recorder.

Linear first-order plots of In (4 — A4,), where 4 is the absorb-
ance at time £ and 4, is the absorbance at infinite time, vs. f were
obtained. The reactions went to completion and the plots were
linear to 75-85%, completion, except for trans-Mn(CO)s[P-
(CeHs)s]el for which significant deviations began to appear after
509% completion. In the latter case the reaction product, cis-
Mn(CO)[P(CsH;s)s]I, was decomposing further to form Mn-
(CO);I" presumably with regeneration of the starting material,
trans-Mn (CO)3[P(CsHs)s].1.

The rate constants were calculated using a least-squares com-
puter program and are considered to be accurate to about =109%,.

Results and Discussion

The observed rate constants (.usa) given in Table T
indicate a first-order dependence on substrate con-
centration. The associated activation entropies (Ta-
ble I, footnotes a, b, and f) are in the range expected
for an SN1 dissociative mechanism.® These experi-
mental results are in accord with the mechanism shown
in eq 3 and 4 involving the rupture of an Mn-P bond
as the slow rate-determining step

trans-Mn (CO); [P(CeH;)5]:X i)
Mn(CO)[P(CeHs)s] X + P(CeHs)s  (3)

MI’l(CO)g[P(CsHJg]X + ti’anS-Mn(CO)a[P(CBHs)a]QX ﬁ
¢1s-Mn (CO ) [P(CsH:)]X + Mn(CO):[P(CsHs)s]oX(?) (4)

Provided that the decomposition reactions go to
completion, the observed rate constant will be given
by kovsa = 2k This mechanism is similar to that
proposed by Darensbourg and Brown? for the decom-
position of Mo(CO);(CsH)NH) (eq 1 and 2). )

None of the C-O bands observed in any of the
ir spectra of the reaction mixtures taken during the
kinetic runs was attributable to dicarbonyl species
of the type Mn(CO),[P(CsH;);]:X. It appears that

(4) R.J. Angelici, F. Basolo, and A. J. Poe, J. Am. Chem. Soc., 88, 2215
(1963).
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mans, Green and Co., London, England, 1954.
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TABLE I

FIrsT-ORDER RATE CONSTANTS FOR THE DECOMPOSITION
REeACTIONS OF frans-Mn(CO)s[P(CeHs)s]oX 1N
s-TETRACHLOROETHANE

X 103 X concn, M Temp, °C 104kobsd, sec™?

Cle 3.79 40.0 0.89
3.86 50.0 3.3
6.95 2.7
2.82 60.0 9.6

Brb 4.01 40.0 0.60
1.34 50.0 2.9°
1.50 2.8
2.35 2.8
2.36 2.8
2.36 2.7¢
2.44 1.3¢
3.01 2.6
4.72 2.0¢
4.80 2.3
6.10 2.1
6.59 2.2
3.53 60.0 10

1/ 3.54 40.0 0.65
3.76 50.0 2.3
5.20 2.0
3.26 60.0 9.5

@« AH¥ = 25 + 2kcal mol~tand AS¥ = —2+4deu. ? AHT =
29 + 2 kecal mol™! and AS¥ = 12 £ 4 eu. ¢ From following
changes in the visible spectrum. ¢In the presence of CO.
¢ In the presence of 0.0103 M P(CsH;);. 1 AH¥ = 28 £ 2 keal
mol~!and AS¥ = 7 & 4 eu.

either these dicarbonyl species or the intermediates,
Mn(CO),[P(CsHs); X, rapidly decomposed under the
experimental conditions employed. In agreement with
the proposed mechanism, the yield (calculated from a
Beer’s law plot) of cis-Mn(CO)s[P(CsHs)s]Br always
represented 40-50%, of the concentration of the starting
material, frans-Mn(CO);[P(C¢Hs);]:Br. Furthermore,
as expected, the rate of decomposition was retarded
by the presence of excess P(CsHs)s (Table I, footnote ).
When the decomposition of trans-Mn(CO);{P(C¢Hs)s]:Br
was carried out under an atmosphere of CO, the yield
of cis-Mn(CO)4[P(CsH;)3]|Br increased from the usual
40~509,, to about 859, without any apparent effect
on the decomposition rate. The increased yield of
cts-Mn(CO),|P(CeHs)s |Br presumably arises because CO
successfully competes with a molecule of starting
material for the intermediate Mn(CO);[P(C¢Hs)s]Br,
and so reaction 4 is no longer the only way in which
¢1s-Mn(CO)4[P(CsHs);|Br can be formed.

Furthermore, if reaction 4 is diminished in the pres-
ence of CO, the rate of decomposition of #ans-Mn-
(CO)3[P(CeHs)3],Br should be slower than usual. That
this was not observed is presumably because the de-
crease in decomposition rate was fairly small and fell
within the limits of experimental error of the method
used for rate determination.

A referee suggested an alternative mechanism for
the decomposition reactions that would be consistent
with the observations discussed so far. This mech-
anism is shown in eq 5-7 and involves two concomitant
rate-determining steps: the rupture of an Mn-P bond
and of an Mn—~C bond. The observed rate constant
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for this mechanism (assuming that the reactions go
to completion) will be given by kobsa = k1 + k2. How-

trans-Mn(CO)3[P(CeHs)s1:X —k>
Mn(co);g[P(CsH;)a]X + P(CGH5>3 (5>

brams-Mn(CO B[P (CoH ] oX —>m
Mn(COR[P(CeH;)s[:X(?) + CO  (8)

Mn(CON[P(CoH X + CO s
cis-Mn(COW[P(CsH: 5] X (7)

ever, when the decomposition of frans-Mn(CO);[P-
(CeHy);3]sBr was studied in the presence of C80, the
substrate ir band at 1951 cm™! was observed to dis-
appear qualitatively at a much faster rate than normal
and a band due to a C¥80-substituted species rapidly
appeared at approximately 1930 cm~! These ob-
servations suggest that the rate of CO substitution
is significantly faster than the rate of decomposition
and therefore we favor our proposed mechanism over
that indicated by the referee.

In sharp contrast to the rates of the CO substitution
reactions of Mn(CO);X%® and ¢zs-Mn(CO)LX" [L
= P(C4H;)s, Sb(CsHy)s, etc.] which decrease dra-
matically with changes in X in the order Cl > Br > I,
the rates of the decomposition reactions of frans-Mn-
(CO)3[P(CeH3)31eX were little affected by changes in X.
The decrease in the CO substitution rates with the
increasing atomic weight of X has been explained
in terms of the electronegativities of the X atoms—
the lower the electronegativity of the X atom, the
greater the electron density on the manganese atom
available for back-bonding to the carbonyl groups,
and consequently the stronger the Mn-C bonds. If
the Mn-P bond strengths in the #rans-Mn(CO);[P-
(CeHp)31eX compounds are significantly dependent on
7 bonding, it would be reasonable to expect the ob-
served decomposition rates to show some dependence
on X. However, as this was not found to be the case,
it appears that the Mn-P bond strengths in the tri-
carbonyl halides stem mainly from o- rather than
m-bonding effects. Other workers have reached the
same conclusion concerning the Mo-P,12 W-P, 1314
and Ni~-P?¥ bond strengths in molybdenum, tungsten,
and nickel carbonyl complexes.

The thermal decomposition of #rans-Mn(CO);[P-
(OC¢Hjs)3],Br was also studied. However, contrary to
what would be predicted from the lower basicity and
resultant poorer o-bonding ability of P(OCeHs); by
comparison with P(CeH;)s !® the reaction proceeded
extremely slowly (4, >> 24 hr). P(OC¢H;); has also
been found to be anomalous in its behavior in the
substitution reactions of #rans-Mo(CO)d, [L. = P-
(OCeHa)a and P(CsHs)g].m
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In an effort to extend the study, the synthesis of
trans-Mn(CO);3[Sb(CsH;)3):Br was attempted. How-
ever, only the ¢is complex could be isolated, contrary
to what had been previously predicted.? Dobson and
Houk have recently found!® that substituted molyb-
denum carbonyls tend to form c¢zs complexes with
Sb(C¢H;); and #rans complexes with P(CsH;); and
As(C¢Hj); and attributed the difference to the larger
size of the Sb atom. Heating a solution of ¢is-Mn(CO);-
[Sb(CsH;);],Br did afford c¢is-Mn(CO),[Sb(CsH;);]Br
but the decomposition appears to be much more com-
plex than the decomposition of the trans-Mn(CO);-
[P(CsH5)31eX compounds, as a simple rate plot was
not obtained.

(16) R. Dobson and L. W. Houk, {norg. Chim. Acta, 1, 287 (1967).
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The anion of 2-pyridinethiol 1-oxide is an excellent
complexing agent for a variety of metal ions. O—M
dative bond formation in these complexes is indicated
by a decrease in frequency of the absorption attributed
to the N-O stretching vibration in the 1200-cm™!
region and by absorptions associated with the oxygen~
metal stretching vibrations. Méssbauer spectra of
tin(IV) complexes containing this ligand give an in-
dication of their configuration and electron distribution.

Experimental Section

Preparation of Compounds.—Tin(IV) fluoride, bromide, and
iodide and di-n-butyltin dichloride and diphenyltin dichloride
were obtained from Alfa Inorganics, Inc. Anhydrous tin(IV)
chloride was a J. T. Baker Co. product. The sodium salt of 2-
pyridinethiol 1-oxide was obtained from Matheson Coleman and
Bell.

Bis(2-pyridinethiolato 1-oxide)di-z-butyltin(IV) was prepared
by mixing absolute ethanol solutions of the sodium salts of 2-
pyridinethiol 1-oxide and di-n-butyltin dichloride in a 2:1 ratio.
The product was crystallized from benzene and melted at 94-96°.
The corresponding diphenyl compound was prepared from
methanol solutions; the product melted above 210°. Isothio-
cyanato(2-pyridinethiolato 1l-oxide)diphenyltin(IV) was pre-
pared by refluxing a chloroform solution, 50 ml, containing 2
mmol each of diphenyltin diisothiocyanate? and 2-pyridinethiol
l-oxide. The solution was filtered and the filtrate was added
with stirring to 200 ml of hexane. The white precipitate that
formed was dried under vacuum at 56°. The dihalobis(2-pyr-
idinethiolato 1-oxide)tin(IV) complexes were prepared by mixing
methanol solutions of the tin(IV) halide and the sodium salt

of 2-pyridinethiol 1l-oxide, 0.025 and 0.05 M, respectively.
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