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New Building Blocks in Amide Chemistry—
N-Lithiobis(trimethylstannyl)amine and
N-Lithiotrimethylstannyl(trimethylsilyl)amine**

Christine Neumann, Thomas Seifert, Wolfgang Storch,*
Martina Vosteen, and Bernd Wrackmeyer*

The enormous synthetic utility of N-lithiosilylamines,
in particular of N-lithiobis(trimethylsilyl)amine, [LiN-
(SiMe;), ], has been well documented.??! In contrast, related
tin derivatives have remained unknown so far, and N-
lithiostannylamines in general have received scant attention,!
probably because of the greatly enhanced reactivity of the
Sn—N bond* when compared with Si—N bonds. However, this
enhanced reactivity is desirable in metal amides for further
transformations, and therefore, selective smooth syntheses of
such amides bearing one or two trimethylstannyl groups at
the nitrogen atom are an attractive goal. We have now
succeeded in obtaining pure N-lithiobis(trimethylstannyl)-
amine, [LiN(SnMe;),] (2a), and N-lithiotrimethylsilyl(tri-
methylstannyl)amine, [LiN(SiMe;)SnMe;] (2b), for the first
time from the 1:1 reaction of tris(trimethylstannyl)amine,
(Me;Sn);N - (1a),F! and trimethylsilylbis(trimethylstannyl)-
amine, (Me;Sn),NSiMe; (1b), respectively, with butyllithi-
um (Scheme 1). The low solubility of 2a,b points to a mixture
of oligomers (x ~oo in Scheme 1).
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Scheme 1. Synthesis of 2a,b, 3a,b, and 4a,b. x=1, 2.

The reaction of 1a or 1b, dissolved in hexane, with Bul.i in
hexane (Scheme 1a) afforded colorless, extremely air- and
moisture-sensitive powders that could be isolated and stored
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for prolonged time under argon atmosphere. After addition of
N,N',N"-pentamethyldiethylenetriamine ~ ((Me,NCH,CH,),-
NMe; pmdta) to a suspension of 2a in hexane at —40°C,
crystalline [(Me;Sn),NLi(pmdta)] (3a) was isolated (Sche-
me 1b). When 2a was dissolved in tBuOMe, in the absence of
pmdta, the dimer [{(Me;Sn),NLi(fBuOMe)},] (4a) was ob-
tained as a crystalline product (Scheme 1c). Compound 2b,
dissolved in fBuOMe (Scheme 1c), gave the analogous dimer
[{Me;Sn(Me;Si)NLi(tBuOMe)},] (4b), and treatment of 4b,
dissolved in tBuOMe, with pmdta, afforded the mononuclear
species [Me;Sn(Me;Si)NLi(pmdta)] (3b) in good yield.

The solid-state molecular structures of 3al”’ and 4a® are
shown in Figures 1 and 2, respectively. The sterically demand-
ing stannyl group has a special influence on the bonding
properties in these metal amides. The bond length Lil—N1

(4Yes

Figure 1. Molecular structure of [(Me;Sn),NLi(pmdta)] (3a; ORTEP,
thermal ellipsoids represent a 25% probability). Selected bond lengths [A]
and angles [°]: Lil-N1 1.92(1), Sn1-N1 1.994(5), Sn2-N1 1.995(5), Lil1-N2
2.15(1), Li-N3 2.18(1), Li1-N4 2.22(1), Sn1-C1 2.179(7), Sn1-C2 2.145(8),
Sn1-C3 2.145(9), Sn2-C4 2.148(7), Sn2-C5 2.162(8), Sn2-C6 2.157(8); Snl-
N1-Sn2 115.5(2), Sn1-N1-Lil 123.8(4), Sn2-N1-Lil 120.6(4), N1-Lil- N2
116.1(5), N1-Li1-N3 129.4(6), N1-Li1-N4 120.2(6),C2-Sn1-C3 108.2(4), C1-
Sn1-C2 103.7(3), N1-Sn1-C1 115.8(3).

Figure 2. Molecular structure of [{(Me;Sn),NLi(fBuOMe)},] (4a; ORTEP,
thermal ellipsoids represent a 25% probability). Selected bond lengths [A]
and angles [°]: Li1-N12.001(5), LilA-N1 2.022(5), Sn1-N1 2.032(2), Sn2-N1
2.032(2), Lil-O1 1.987(6), O1-C8 1.437(5), Snl-Cl 2.153(3), Snl-C2
2.164(3), Sn1-C3 2.160(3), Sn2-C6 2.167(3); Sn1-N1-Sn2 111.0(1), Snl-
N1-Lil 115.4(2), Sn2-N1-Lil 120.2(2), N1-Lil-N1A 103.9(2), Lil-N1-LilA
76.1(2), N1-Sn1-C1 107.4(1), N1-Sn2-C6 114.4(1).
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(1.92(1) A) in 3a is the shortest so far for a bond to a
tetracoordinate Li atom (e.g. d(Li-N)=1.98(2) A in
[(Me;Si),NLi(pmdta) ] %), The Sn1-N1 (1.994(5) A) and
Sn2-N2 (1.995(5) A) distances in 3a are the shortest Sn—N
single bonds observed as yet (see e.g. la: d(Sn—N)=
2.037(6) A (av)l'l). In spite of this, the Sn-N-Sn angle
(115.5(2)°) is smaller than in any known structure of
bis(trimethylstannyl)amine derivatives containing a three-
coordinate nitrogen atom. In contrast, the silicon analogue of
3a, [(Me;Si),NLi(pmdta)], displays a wide Si-N-Si angle
(125.3(2)°).> 19 Although this wide angle may be caused by
repulsive interactions of the silyl groups, the different
electronic properties of the Si—N and Sn—N bonds need to
be taken into consideration when discussing the molecular
structures of these compounds. The nitrogen atom in 3a
resides in a trigonal-planar environment.

In the dimer 4a, the lithium atoms are three-coordinate,
and the N,Li, ring is planar. The Li—N distances are longer
than those in 3a, but slightly shorter than those in the dimer
[{(Me;Si),NLi(Et,0)},] .'¥ The planes around the lithium and
the oxygen atoms in 4a form an angle of about 40°. The N-Li-
N angle of 103.9(2)° as well as the Li-N-Li angle of 76.1(2)°
are similar to that in the corresponding bis(silyl) derivative.
However, the small Sn-N-Sn angle (111.0(1)°) in 4a (which is
even smaller than in 3a) is again remarkably different from
the Si-N-Si angle (121.9(4)°).

The relationship between solid-state structures of lithium
amides!¥! and their state of association in solution can be
assessed best by studying °Li- and “N-labeled material.
Therefore, the reactions of "N-labeled (ca. 12%) 1a and 1b
with SLi-labeled (99 %) MeLi in fBuOMe were carried out
and studied by °Li, N, and '"*Sn NMR spectroscopy. After
complete reaction of la with MeLi in rBuOMe, 4a was
formed as a single species together with Me,Sn. The dimer 4a
was identified by the typical pattern in the N NMR spectrum
(coupling of "N nucleus with two equivalent °Li nuclei) and
by the intensities of the N satellites in the °Li NMR spectrum
(according to the degree of N labeling). Furthermore, the
Sn NMR spectrum of 4a shows a single resonance,
accompanied by N satellites and '"Sn satellites with correct
intensities. Therefore, the structure of the dimer 4a at low
temperature is retained in solution. When pmdta was added to
the solution of 4a in fBuOMe, the presence of mainly two
species, 3a and 4a, and a minor unidentified compound,
became apparent.

The monomeric structure of 3a (—40°C) follows from the
1:1:1 triplet ()J(®N,fLi) =7.5 Hz) in the "N NMR spectrum.
This confirms that only one °Li atom is linked to the central
nitrogen atom. The °Li NMR spectrum (—40°C) displays a
singlet, which is accompanied by satellite signals with coupling
constants of UJ(PNSLi)~75Hz and 2/(""7SnSLi)~
7.5 Hz. The monomer 3a exhibits a broad "’Sn NMR signal
at room temperature which splits below —20°C into two
broadened signals of equal intensity. Again there are N
satellites, as well as '"°Sn (AB spin system) and !'’Sn satellites
(AX spin system), indicating that the two 'Sn NMR signals
belong to tin atoms in the same molecule. Apparently there is
restricted rotation about the Li—N(SnMe;), bond (AG*=
43.1 £1.0 kJmol™'), a feature observed here for the first time.
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Thus, the molecular structure in solution must be very similar
to that “frozen” in the solid state. Similar findings can be
deduced fom the NMR data available for 3b and 4b; in this
case additional data arises from the presence of the *Si
isotope. The low-temperature NMR spectra are further
complicated by the presence of two isomers in the case of
4b and two rotamers in the case of 3b.["]

The application of the new building blocks has been
documented with two extreme examples. The reactions of
the bulky substituted silicon and aluminum halides with 2a
[Eq. (1)] proceed under mild conditions (—25°C) providing

+ 2R, EX/-25°C

OEty
[{(MesSn)oNLi},] ———— 2 R,E-N(SnMej), [¢))]
—2LiX
2a

the products in good yield. These reactions can be carried out
with crude 2a, isolated as a powdery substrate, redissolved in
Et,0. The reaction of the halides with 1a instead of 2a was
unsuccessful even at elevated temperatures. To our knowl-
edge there is no other convenient route for the introduction of
the distannylamine moiety.[""]

Experimental Section

N-lithiobis(trimethylstannyl)amine 2a, [(Me;Sn),NLi(pmdta)] (3a), and
[(Me;Sn),NLi(MeOrBul, (4a): A solution of 1a (2.53 g, 5 mmol) in hexane
(20 mL) was cooled at —50°C, and BuLi (3.1 mL, 1.6M in hexane) was
added dropwise over 15 min under vigorous stirring. After the reaction
mixture had been allowed to slowly attain ambient temperature (15 h), the
white precipitate was filtered off, and volatile material was removed in
vacuo (1073 Torr, 4 h). The colorless, extremely air- and moisture-sensitive
powder 2a was suspended in hexane (20 mL), cooled at —40°C, and pmdta
(1.0 mL, 0.87 g, 5.0 mmol) was added. The colorless liquid was cooled in a
freezer at —78°C for 30 days, from which 3a (1.80 g, 69 %; m.p. >128°C
(decomp)) crystallized as colorless prisms. Dissolution of 2a in tBuOMe
(15 mL), followed by storage of the solution at —20°C for 10 days gave
crystals of the dimer 4a (1.66g, 76%; m.p. >260°C (decomp)). The
compounds 2b, 3b, and 4b could be obtained in the same way.[""]

3a: 'H, BC, °Li, ®N, and "*Sn NMR (C¢Dj or [Dg]toluene): 6('H) = 0.37 (s,
2J("°Sn,'H) =48.8 Hz, 18H; SnMe;), 1.68-1.72 (brs, 15H; NMe and
NMe,), 2.01-2.18 (brs, 8H; CH,); 6(**C) =—0.2 (/(*"Sn,"*C) =297.3 Hz,
SnMe;), 46.2 (NMe,), 53.7 (NMe), 57.1, 58.4 (CH,); at —40°C: 6(°Li) =
2.7 (JONSLi)=75, 2("SnSLi)=75Hz); o("N)=-359.6 (L1:1:1 t,
J(SNSLi)=75Hz);  0("Sn)=493  (brs,  J('"Sn,"N) =148,
2J(1Sn,"""Sn) =470 Hz), 54.4 (brs, J("°Sn,’N)=146, 2J('"Sn,'"Sn)=
470 Hz).

4a: 'H, BC, °Li, ®N, and '"Sn NMR ([Dg]toluene): 6(*H)=—0.69 (s,
2J("°Sn,'H) =49.2 Hz, 36 H; SnMe), 1.02 (s, 18 H; /Bu), 3.05 (s, 6 H; Me);
o(B*C)=—-1.83 (J('"*Sn,*C)=320.6 Hz, SnMe;), 272 ((CH;);), 50.2
(OMe), 75.0 (OC); at —40°C: O(°Li)=3.1 (YJ("N}Li)=4.5Hz);
OPN=-366.2 (1:2:3:2:1 q, Y(®NSLi)=4.5Hz), 6("*Sn)=63.0 (brs,
1J("Sn,"N) = 143.5, 2J(1Sn,!"Sn) = 467 Hz).
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