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Organotin hydrides, particularly tributyltin hydride, are ex-
tremely important reducing agents in organic synthesis with
all tin hydrides reported to date, they involve tin in tHet

oxidation state. Currently, there are no stable well-characterized

tin +2 hydrides, and in fact no hydride derivatives of divalent

group 14 elements have been reported as stable molecules. Their

apparent lack of stability may be contrasted with that of the

neighboring group 15 and 16 hydrides where lower valent species

(e.g. P(Ill) or S(I)) are common. Theoretical studies on the
hypothetical MH (M = Si—Pb) monomers show that they have
the expected V-shaped geometAesowever, calculations for the
dimers (MH,), indicate that for silicon and germanium the trans-
bent M—M bonded dimeric structuré (Figure 1) is the most

stable, whereas for tin and lead, the trans dihydrogen bridged

structure2 (Figure 1) is preferreé Although these species are
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Figure 1. Depictions of M—-M bonded MH,4 (1) and hydride bridged
M2H. (2).

unknown as stable molecules, there is now a relatively large body Figure 2. Thermal ellipsoid (30%) plot o#. H_ydrogen atoms except
of data that shows that related lower valent organic derivatives for H(1) and H(la) are not shown for clarity. Selected interatomic

of the group 14 elements can be stabilized by large substitéents.

distances (A) and angles (deg): Sn{ign(la)= 3.1192(3), Sn(B-C(1)

It therefore seemed a possibility that large organic substituents= 2.210(2), Sn(1yH(1) = 1.89(3), Sn(1yH(1a)= 1.95(3), C(1)-Sn-

might also stabilize the corresponding lower valent hydride
derivatives. In this paper it is shown that the use of a bulky
terphenyl substituefienables the synthesis, characterization, and
structure of the first example of an Sn(ll) hydride, [2,6-FHpCs-
Snu-H)], (Trip = 2,4,6-triisopropylphenyl)4) along with its
deuterium analogue [2,6-TeH3CsSn-D)], (5).
Compound4 was synthesizeédoy the dropwise addition of a

diisobutylaluminum hydride (DIBAL) solution to 2,6-TrisHs-
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(5) Synthesis ofl: Under anaerobic and anhydrous conditions, (i-BlHl
(2.52 mL, 2.52 mmol, 1.0 M in hexanes) was syringed dropwise into a pale
yellow solution of3° (1.60 g, 2.52 mmol) in diethyl ether (30 mL) at ca78
°C, to afford a light green solution. The solution was stirred at-€a8 °C
for 1 h and when it was warmed to ca45 °C where it became dark blue.

A turquoise precipitate formed at approximately®© and the solution was
stirred at room temperature for 30 min. The solvent was removed under

(1)-Sn(la)= 93.28(5), Sn(LyH(1)~Sn(1a)= 108.7(9), H(1}-Sn(1)-
H(1a) = 71.3(9), C(1}-Sn(1)-H(1) = 91.7(9), C(1}-Sn(1)-H(1la) =

SnCF (3) in diethyl ether at-78 °C. Initially, the orange solution
became green, but upon warming to €80 °C, the color became
dark blue. After the solution was warmed to room temperature,
the diethyl ether was removed and the remaining blue solid was
extracted with benzene. Filtration and concentration of the blue
solution produced orange crystalsfofits X-ray crystal structure
shows that it is dimeric in the solid state as illustrated in Figure
2. It crystallizes in the space grolpl and features two 2,6-
TripoH3CsSnH units which are related by a center of symmetry
and linked by bridging hydrides which were located on the
difference map and refined isotropically without restraints. The
Srr+-Sn separation is 3.1192(3) A. The structuredoksembles
that of the aryltin chloride [2,6-MgBl;CsSn(u-Cl)], (6, Mes=
2,4,6-trimethylphenyl§,which is dimerized through Clbridges
and has a tirrtin distance of 3.997(1) A. The tirtin separations

in both 4 and 6 are much larger than the intermetallic bond
distance of 2.81 A in gray tih The difference in radii between
hydrogen (0.32 A) and chlorine (0.99 A) accounts for the much
smaller Sr--Sn distance i, and there seems little doubt that
there is very little interaction between the tin atoms. The-Gn
bond length of 2.210(2) A id is slightly longer than the sum of

reduced pressure, the blue solid was extracted with benzene (15 mL) andthe covalent radii of tin and carbon (1.40-& 0.77 A= 2.17

recrystallized from hot benzene overnight, giving large orange crystals of
4CsHe. Yield: 0.92 g, 0.61 mmol, 48.4%; mp 17& °C. Anal. Calcd for
CseHsoSn,4: C, 71.89; H, 8.38. Found: C, 71.41; H, 8.63. IR (Nujol, ¢jn
1828, 1771 (SraH stretches); 610, 560 (StH bends). UV-vis (hexanes)
Amax € (Mol™* cm™): 395 nm, 360; 608 nm, 160H NMR (CgDs, 399.77
MHz, 25°C): 6 1.09 (d, 12 H23J = 6.8 Hz,0-CH(CHa),), 1.17 (d, 12 H3J
= 6.8 Hz,0-CH(CH3),), 1.32 (d, 12 H3J = 6.8 Hz,p-CH(CH5)), 2.86 (sept.,
2 H, 3] = 6.8 Hz,p-CH(CHs),), 3.04 (sept., 4 H3J = 6.8 Hz,0-CH(CHb),),
7.10 (s, 4Hm-Trip), 7.15 (s, 24 H, 4 benzenes), 7-16.19 (m, 3H,M-CgH3
andp-CgHz), 7.87 (s, 1HX(Sn—H) = 592 Hz, SnH). 13C {*H} NMR (C¢Ds,
100.53 MHz, 25°C): 6 24.25 p-CH(CHa),), 24.29 p-CH(CHs),), 26.20 ©-
CH(CHj3),), 30.85 p-CH(CHy),), 34.57 p-CH(CHa),), 121.74 (n-Trip), 126.87
(p-CeHs), 129.89 (n-CsHs), 130.47 {-Trip), 137.92 p-Trip), 146.82 (0-Trip),
14;3.562 0-CsHs), 167.98 (-CsHa3). 11%Sn{*H} NMR (CsDs, 149.16 MHz, 25
°C): 0 698.7.
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A).? The sum of the interligand angles at tin, 256 .6nderlines
the highly pyramidalized tin geometry and indicates the presence
of a lone pair at the metal. The distances to the bridging hydrogens
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are slightly different (SrH(1) = 1.89(3) A and SaH(la) =
1.95(3) A), but the difference is just twice the standard deviation
and is of little significance. The €Sn—H bond angles are
C—Sn—H(1) = 91.7(9y and 93.6(9).

The color of4 in the solid state is orange, but when it is
dissolved in hydrocarbon solvent {§&t hexane, benzene, toluene),
there is a dramatic color change to dark blue consistent with
dissociation to monomet§.There is a broad absorption at 608
nm (¢ = 160 mol?! cm™) in the UV—visible spectrum of a
solution of4 in hexanes which is consistent with the blue color
and may be attributed to an- p electronic transitiof!

H NMR spectroscopic studies of Sn(IV) hydrides have shown
that the hydride chemical shifts are generally in the range f
to +7 ppm?? Satellite peaks arising from coupling to th€Sn
and®Sn nuclei with'J(Sn—H) values near 1900 Hz are normally
observed. Fo# in C;Dg solution at 25°C the hydride absorption
was located at-7.87 ppm with satellites featuring an average
J(H7115n—H) value of 592 Hz. ThéJ(*"11Sn—1H) coupling
constant in tin compounds is primarily controlled by the Fermi

contact mechanism, which decreases with decreasing s-character

in the Sn-X bond! The orbital used by tin in the SrH bond
in compound4 probably has less s-character than-Shbonds
in Sn(IV) hydrides with the result that thé(*1"1'%Sn—H) coupling
constant ind is only about 1/3 (at room temperature) of those
seen in Sn(IV) hydrides. Also, the presence of a lone pair at the
tin undoubtedly influences tH8(*"**Sn—H) coupling constant?
The observation ofH NMR was corroborated by the solution
11%5n NMR spectrum which, at 25C, displayed a broad
absorption (line width at half-height 675 Hz) at+698.7 ppm.
The value of the chemical shift is indicative of a Sn(ll)
compound* However, the absorption is sufficiently wide that
coupling to the hydrogens is difficult to observe. In studies of
the1°Sn NMR of various two-coordinate Sn(ll) compouriég,
was found that they display very large chemical shift anistropies
(up to ca. 10 000 ppm) which govern the relaxation timea
reasonable assumption for large heavy molecules far from the
extreme narrowing limit). The shof values lead to broadenitfy
of the11%Sn NMR signal of the Sn(ll) compounds and hydridle
is no exception. Variable-temperatiféSn NMR studies in the
range —50° to +75 °C displayed no evidence of chemical
exchange arising from a monometimer equilibrium. Repeated
heating to+75 °C eventually caused the sample to slowly
decompose to a mixture of products. Analysis of these products
is currently underway.

In the IR spectra of Sn(IV) compounds the stretching frequen-
cies of terminal SrrH bonds are normally observed in the range
19004 50 cnT?! and the bending modes are typically near 675

(20) If the blue solutions are rapidly cooled, however, a blue microcrys-
talline solid is produced. A blue color is invariably seen with a variety of
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Scheme 1. Synthesis of the Hydridedf and Deuteride&)
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cm 1120 The Sn-H stretching frequencies for solid may be
expected to be shifted to lower wavenumbers since theksn
bonds are bridging in the solid. The IR spectrum4aiNujol)*’
displays two strong bands at 1828 and 1771 &rithe bending
frequencies it are tentatively assigned to bands at 610 and 560
—1
The deuterium analogue af was synthesized to compare
physical and spectroscopic data for the two compounds. The tin
deuterides was obtainet by reacting3 with LIAID 4 in Et,O at
0 °C. The'H NMR spectrum of a blue solution & shows that
the hydride peak at 7.87 disappears. The deuterflith MR
of 5 shows a broad peak at 7.69 ppm. Infrared spectroscopy of
also displays no bands at 1828 or 1771 ¢nnstead a new band
at 1273 cm? (the other stretch is most likely obscured by the
C—C stretches of the ligand) is attributable to the-Enstretching
frequency. Bending frequencies are tentatively assigned to new
bands at 495 and 414 criy®
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(17) The Nujol mull displays a blue color suggesting the presence of
monomer. Since only one SiH sketching band would be expected for such
a species the two bands may arise from the bridged dimer in the solid.
(18) Synthesis 06: LIiAID 4 (0.040 g, 0.96 mmol, 3.84 mmol of I) and
3% (1.66 g, 2.61 mmol) were placed in a Schlenk flask argDEtooled to 0
°C) was added to the solids at°@, which afforded a green-blue solution.
The flask was warmed to room temperature, and the mixture was stirred for
1 h. The E{O was removed under reduced pressure, and the blue solid was
extracted with hot benzene (30 mL). Cooling slowly to room temperature
gave orange crystals & Yield: 0.40 g, 0.26 mmol, 20%. Mp 1968 °C
dec to brown. IR (Nujol, cmY): 1273 (Sn-D stretch); 495, 414 (SraD bends).
’H NMR (CsHe, external DO reference, 61.37 MHz)o 7.69.
(19) For terminal tin(IV) deuterides, SiD stretching and bending modes
usually appear near 1350 and 490 ¢nrespectively?




