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Dehydrogenative coupling of tertiary stannanes, R;SnH,
catalyzed by a transition metal is known to produce dis-
tannanes, R;Sn—SnR;,[! whereas a mixture of cyclic and linear
oligo- or polystannanes is obtained from the analogous
dehydrogenative  coupling of secondary stannanes,
R,SnH,.>* 1 2-Dihydrodistannanes are of significant interest
as bifunctional model compounds to mimic the properties of
polystannanes and they are excellent precursors for further
derivatization. However, until a report by Uhlig et al.®¥ there
were no well-defined methodologies for the synthesis of 1,2-
dihydrodistannanes. The Uhlig synthesis involves a two-step
reaction sequence that starts with the reaction of tert-
butylmagnesium chloride with tin tetrachloride in an overall
yield of 2.5 % . We now report the photochemical and thermal
dehydrogenative dimerization of tBu,SnH, (1) to tBu,HSn—
SnH7Bu, (2), catalyzed by the iron catalysts 3 and 4 and their
molybdenum analogues 5 and 6.

[(’-CsH;)Fe(CO),Me] (3)
[(°-CsH;)Fe(CO) (PPhy)Me] (4)
[(°-C5Hs)Mo(CO), (L)Mel; L = CO (5), PPh, (6)

Irradiation of a C4Dy solution of fBu,SnH, in the presence
of 5mol % of 3 in a sealed Pyrex NMR tube with a medium-
pressure mercury lamp resulted in the progressive formation
of 21 [Eq. (1)]. The photochemical reaction was monitored

2 tBuZSnHZWHIBuZSnfanBuZH 1)

by "Sn and 'H NMR spectroscopy and turned out to be a
clean transformation of 1 to 2, that is, the **Sn resonance at
—118.2 ppm (1) transformed to a resonance at —83.4 ppm (2)
with 80% conversion after 30 h of irradiation. However, it
became clear from the NMR monitoring that catalyst 3 is
slowly consumed and the rate of catalytic transformation
slows and ultimately the process stops. A similar photo-
chemical reaction of 6 h duration using the isomeric stannane,
nBu,SnH, resulted in a transformation to the corresponding
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distannane, (nBu,SnH), (8(*”Sn) = —208.2 ppm), and oligo-
stannanes of only about 5%. However, the catalyst was
completely consumed in this short time period, at a rate much
greater than with the ters-butyltin analogue, and this poses a
problem for the utility of the process.

Since the key step in the catalysis is presumably the initial
photochemical expulsion of a CO ligand to form a coordina-
tively unsaturated 16-electron species, we surmised that a
similar system could be formed thermally by use of a
phosphine-substituted derivative of the catalyst, that is,
complex 4. Indeed, treatment of a CgDg solution of
tBu,SnH, (1) in the presence of 5mol% of 4, in a sealed
Pyrex NMR tube at 60°C, resulted in the 100 % transforma-
tion of 1 to 2. The reaction was monitored by 'H, *C, ""“Sn,
and *'P NMR spectroscopy.’! It became clear that catalyst 4
(8(C*'P) =86.6 ppm) was a transient species that was replaced
by [CpFe(CO)(PPh;)SntBu,H] (7, Cp= n’-CsHs; 8('P) =
77.4 ppm).”! Complete conversion of 4 to 7 occurred with
approximately 50% transformation of 1 to 2. However,
continued monitoring indicated that the process 1—2 con-
tinued to completion, illustrating the role of 7 as a catalyst. A
separate experiment using an independently synthesized
sample of 7 corroborated the efficient catalytic transforma-
tion of 1 to 2, yielding only a single organotin product with
insignificant loss of catalyst 7. The molecular structure of 7
was determined by X-ray structure analysis and is depicted in
Figure 1.'% The complex adopts a normal three-legged piano-

Q Q c1o 1
N5 =N 5
on (EIR C e A e @ o
&) & VN S
O <N c2 ca \E~00
) ' ) Q Cso
o1z N Cs ! o o
c7T\&Y N
S -
© Fe1 C25 ? ©
c18 SP c28 ]
o R o) s
R o L~
C16 g N Y P1 - 0 QAN C29
N AT s 58) “"%R
& 557 on §.=' Snt e
o D ¥ " S/ )
3 ) Y/ Yo
c31 2
c14 coo( L¥eg) C"° M © Q’ ©
Cc15 s T 1 O y c32
- Vi
§$ - o HIM
c21
ﬁ?{ﬂ?
I — L)
O O

Figure 1. Molecular structure of 7; selected distances [A | and angles [°]:
Fel—Sn1=2.617(6), Sn1—HTM =1.87(9), Fe1—C6=1.699(13), Fel—
P1=2.227(5) A; C25-Sn1-Fel=118.9(3), C29-Sn1-Fel =113.3(4), C25-Sn1-
€29=108.6(5), Sn1-Fe-P1=101.60(16), Sn1-Fe-C6 =82.6(4), P1-Fe-
C6=93.8(4).
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stool geometry in which the hydrogen atom at Sn is oriented
anti with respect to the Cp ring to minimize steric interactions
of the /Bu groups with PPh;, and the P-Fe-Sn angle becomes
slightly wider (101.58°) to accommodate the PPh; group. The
Fe—Sn and Sn—H bond lengths of 2.617(6) A and 1.87(9) A,
respectively, are intermediate between those of related
transition metal tin complexes.!"!!

Similar chemistry was observed using the molybdenum
analogues 5 and 6 as catalysts. We could observe the
formation of [CpMo(CO);Sn/Bu,H] (8), synthesize it inde-
pendently,”) and demonstrate its utility as a catalyst in the
photochemical transformation of 1 to 2. The structure of this
complex is illustrated in Figure 2;'”! the geometry at Mo is
square pyramidal and, as with 7, the hydrogen atom at Sn is
trans to the Cp ring, with the Sn—H distance being slightly
longer (2.14(3) A) than in the Fe analogue 7.

Attempts to perform the same transformation with di-n-
butylstannane were not successful. The thermal reaction of
nBu,SnH,, using catalyst 4 at 60°C, resulted in a complex
mixture of cyclic and linear oligostannanes, H—(nBu,Sn),—H,
with tin resonances at —202.5, —202.9, —208.1, —208.4,
—209.9, and —220.5 ppm. We did not observe the transient
formation of (nBu),HSnSn(nBu),H in high yields," thus, this
chemistry is not productive for the formation of tetra-n-
butyldistannane. It is clear that the reaction is dominated by
the nature of the groups on Sn: oligomeric materials are
obtained for the less space-requiring n-butyl groups whereas
dimers are formed for the bulkier tert-butyl groups. Recently
Nakazawa et al. noted a similar dimerization of tertiary
silanes using [CpFe(CO),Me] as a catalyst and dimethylfor-
mamide as solvent, and also noted that the nature of the
R groups had a significant impact
upon the efficiency of the process."

The most probable mechanism
to explain our results is related to
the dimerization of tertiary stan-
nanes and silanes reported by
Braunstein et al.'¥ and Nakazawa
etal. > respectively, involving
the transient formation of bis-
(stannyl) metal complexes
(Scheme 1). The catalytic cycle
involves the initial oxidative addi-
tion of tBu,SnH, to
[CpM(CO),CH;], followed by the
reductive elimination of CH, to
generate a new coordinatively unsa-
turated 16-electron species,
[CpM(CO),(SntBu,H)]. A second
oxidative addition of tBu,SnH, to
this intermediate leads to the for-
mation of [CpM(CO),(H)-
(SnzBu,H),], a type of reaction that
is well-established for reactions
involving R;SnH to form, for exam-
ple,
For M=Fe, the hydridobis-
(stannyl)iron complex then reacts
with either CO or PPh; to reduc-
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Figure 2. Molecular structure of 8, the disorder on tBu group C9 is
omitted for clarity; selected distances [A | and angles [°]: Fel—
Mo1=2.8565(11), Sn1—HTM=2.14(3) A; C9-Sn1-Mo1=113.65(10),
C13-Sn1-Mo1=114.07(10), HIM-Sn1-Mo1=113.9(9), C13-Sn1-
C29=112.05(14).

tively eliminate the distannane and form [CpFe(CO),H] or
[CpFe(CO)(H)(PPh;)], respectively, a reaction similar to the
reported elimination of disilanes from [CpFe(CO)(H)(SiR;),]
complexes.'¥! The phosphine hydride complex is stable
enough to persist and can regenerate the catalytically active
species whereas the dicarbonyl hydride complex more rapidly
forms the dimeric iron complex [{CpFe(CO),},] which stops
the catalysis process. We have attempted to observe the
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Scheme 1. The most probable mechanism to explain the results on stannane dimerization presented
herein. n=2, M=Fe, L=CO (3), PPh, (4); n=3, M=Mo, L=CO (5), PPh, (6).
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bis(stannyl) intermediate [CpFe(CO)(H)(Sn/Bu,H),| from
the photochemical reaction of equimolar amounts of
[CpFe(CO),(SntBu,H)] and rBu,SnH, in C¢Dy. This reaction
is quite complex; however, we could identify the bis-
(stannyl)iron complex spectroscopically.l'’]

In summary, we have established a new catalytic system
involving iron and molybdenum complexes for the dehydro-
genative dimerization of fBu,SnH, both thermally and photo-
chemically. The thermal catalytic process is much more
efficient than the photochemical process and Mo catalysts
are relatively more active than the corresponding Fe catalysts.
Further studies to develop other transition metals as better
catalysts with dialkyl/aryl tin hydrides are in progress.
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