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2-[N,N-Bis(trimethylstannyl)amino]pyridine (1), bis[N-(N-trimethylsilyl-2-aminopyridyl)]dimethyltin (2) and bis[N-(N-trimethylsilyl-2-amino-3-methyl-pyridyl)]dimethyltin (3) were
prepared and characterized by 'H, i3C, l5N, 29Si and ll9Sn NMR spectroscopy. In the case of
1, intramolecular pyridine-N-Sn co-ordination was established by the low temperature ll9Sn
NMR spectra which show two resonance signals, one for a penta-co-ordinate and one for a
tetra-co-ordinate tin site. In the cases of 2 and 3, intramolecular pyridine-N-Sn co-ordination
follows conclusively from l3C, l5N and ll9Sn NMR parameters. In contrast with the known
behaviour of the corresponding trimethyltin derivative, the methyl group in 3-position of the
pyridine ring does not prevent this type of co-ordination in 3.

Introduction
Intramolecular azine N-Sn coordination is well
documented. In general it appears that the Lewis
acidity of the tin atom must be sufficiently high, in
particular if sterical conditions are not favourable,
otherwise donor-acceptor interactions are fairly
weak. A typical example of a strong co-ordina
tive interaction is the tin(II) compound A [1]. There
is also marked N-Sn co-ordinative bonding in the
8-oxoquinoline derivatives of type B with various
organic substituents attached to tin [2a - e], and
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there are many other examples of azine N-Sn co
ordination [2f, gj. Recently, azine N-Sn-co-ordination was reported for 8-[bis(trimethylstannyl)amino]quinoline C [3], both on the basis of NMR data
in solution (two ll9Sn NMR signals at low tem
perature) and X-ray structural analysis which re
vealed a long axial azine-Sn bond (253.1(3) pm).
In the case of 2-(N-trimethylsilyl-N-trimethylstannyl-amino)pyridine D, it was suggested that ll9Sn
and 15N NMR data are in support of intramolecular
pyridine-N-Sn co-ordination [4], although sterical
conditions are unfavourable because of the bulky
Me^Si group and the formation of a strained fourmembered ring.
In the absence of direct structural evidence for
D, we have looked for further NMR spectro
scopic arguments to strengthen the case of NSn co-ordination in compounds of type D. In
this context, 2-[N,N-bis(trimethylstannyl)amino]pyridine (1) (eq. (1)) should be a suitable can
didate to prove this point. Another approach to
this problem is to increase the Lewis acidity of
the tin atom. Therefore, the bis[N-(N-trimethylsilylamino)]dimethyltin derivatives 2 and 3 (eq. (2))
were prepared and studied by NMR. Compound 3
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Table I. I3C, l5N and 1l9Sn NMR dataa of 1, D and N,N-bis(trimethylstannyl)aniline for comparison.
<513C —
C(4)

—

No

C(2)

C(3)

jb .c.d
166.5 [5.0] 111.1 [+25.6e]
Df
163.5 [6.7] 113.1 [22.0]
PhN158.0(0
125.5 (o)
[25.5]
(SnMe3)2g [15.0]

—

C(5)

C(6)

137.1 [3.8] 110.011.8]
137.0 [< 3] 112.6 [3.1]
128.5 (m ) 118.6 (p)
[2.6]
[5.1]

(py)

b l5N —
(amino)

146.4 [< 2] -104.4 [2.3] -296.4 [36.1]
146.4 [< 3] -98.9 [< 2] -291.1 [8.9]
-334.1
[-41.4]

<$ll9Sn
+27.5
+ 10.2
+63.0
[68.4]

a Coupling constants /( ' 19Sn,X) (X = l3C, 15N) are aiven in brackets [± 0.2 H z];b in toluene-ds;c <5l3C(Me3Sn) = -2.8
[393.9] [1.8], 1Z\13/12C(119Sn) = +15.5 ± 1 p p b ;d At -65 °C: <515N (py) = -105.2, <515N (amino) = -297.1, <5ll9Sn =
+53.6. +6.6;e the sign was determined from 3C/'H HETCOR experiments;f data from ref. [4], <5l3C(Me3Sn) = 0.2
[407.1], <513C(Me3Si) = 2.6 [14.8], <529Si = +3.3 [14.7];g data from ref. [5], <513C (Me3Sn) = -4.0 [379.3],

2

3

R H Me

was of interest because co-ordinative N-Sn bond
ing appeared to be negligible in the corresponding
trimethyltin derivative [4],

Results and Discussion
Compound 1 was obtained by transamination, us
ing a slight excess of M e 3 SnNMe 2 in the reaction
with 2-aminopyridine (eq. (1)). The reaction of two
equivalents of the respective N-lithiated N-trimethylsilyl-2-aminopyridine with dimethyltin dichlo
ride afforded the tin amides 2 and 3 (eq. (2)).
The NMR data of 1 (Table I) at room temperature
are consistent with the presence of two equivalent
Me_3Sn groups, although satellites due to 2/ ( ll9Sn,
ll7Sn) were not resolved in the ll9Sn NMR spec
trum. The 1l9Sn chemical shift of 1 (<5119Sn = +27.5)
differs significantly from that of N,N-bis(trimethylstannyl)aniline (61,9Sn = +63.0 [5]). The amino l5N
nuclear shielding of 1 (6 15N = -296.4) is reduced by
37.6 ppm when compared with the aniline deriva
tive [5]. This is in agreement with the trends ob
served for D [4] and points towards intramolecular
N-Sn co-ordination. The fairly broad ll9Sn NMR
signal of 1 could arise either from partially relaxed
!l9Sn-l4N scalar coupling or from exchange pro-

cesses. Recording of the ll9Sn NMR spectrum by
using the Hahn echo extended (HEED) INEPT pulse
sequence [6] did not reveal the l5N satellites. This
indicates that the broadening originates from ex
change, since these dynamic processes would af
fect the l5N satellites owing to the ll9Sn(15N) isotopomer in the same way as the parent signal of the
119Sn(14N) isotopomer. The final proof of exchange
is provided by the ll9Sn NMR spectra at low tem 
perature. Coalescence is observed at -35 °C, and at
-6 5 °C there are two ll9Sn NMR signals (61,9Sn
+53.6 and +6.6). The signal at b +6.6 is assigned
to the penta-co-ordinate tin atom. There is no ap
preciable change of the <515N values between +25 to
-65 °C, only the 117//119Sn satellites become broad
and are not detectable at temperatures below -25 °C.
The 'H(M e) and 13C(Me) signals become signifi
cantly broadened at low temperature (-75 °C), but
no splitting is observed. From the 119Sn NMR spec
tra, the energy of activation for rotation about the
C(2)-N(SnMe3>2 bond as well as for the cleavage
of the co-ordinative pyridine N-Sn bond can be es
timated [7] as 44 ± 1 kJ/mol.
There is a dramatic change in the <5119Sn val
ues of 2 and 3 (Table II) when compared with the
respective trimethyltin derivatives. This cannot be
explained by substitution of a methyl by an amino
group at the tin atom since the comparable substi
tution without intramolecular N-Sn co-ordination
causes only moderate changes in the ll9Sn NMR
parameters, e. g. [8]:
Me3SnN(Et)SiMe3

Me.Sn[N(Et)SiMe3]2

<51,9Sn ['y(119Sn,,3CMe)] +64.8 [393.6] +57.4 [470.2]
[2y(i,9Sn.'H Me)l [56.5]
[59.8]
bl5N [ 'j ( U9Sn,'5N)]
-356.9 [2.9] -348.6 [8.8]
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Table II. 13C, l5N, 29Si and ll9Sn NMR dataa of the tin amides 2, 3, and of N-trimethylsilyl-N-trimethylstannyl-2amino(3-methyl)pyridine for comparison.
— <$'l3C —
C(4)

No

C(2)

C(3)

2b

162.3
[11.3]
163.0
[10.1]
164.6
[13.4]

111.9
[34.0]
122.3
[28.7] 20.8
128.4
[16.5] 20.2

3c
3-Me-Py-2[N(SiMe3)SnMe3] d

138.9
[<21
140.1
[<21
138.4
[3.0]

C(5)

C(6)

(py)

109.9
[< 2]
112.0
[5.0]
116.8
[< 2]

142.4
[10.4]
140.5
[8.5]
145.5
[4.9]

-120.5
[46.4]
-116.5
[34.4]
-80.1
[4.5]

<5I5N —
(amino)
-253.2
[27.8](11.1)
-257.8
[31.4] (11.1)
-309.0
[24.9] (10.5)

(599Si

<$ll9Sn

-2.2
[11.7]
-4.2
[10.0]
+3.6
[11.7]

-246.4
-219.4
+45.4

a Coupling constants / ( ll9Sn, X) (X = l3C, l5N, 29Si) in brackets and 7(29Si, X) (X = l3C, l5N) in parentheses, all
± 0.2 H z / ’ 6 l3C(Me^Si) = 1.6 [6.1] (56.5), <$,3C (Me,Sn) = 8.0 [525.6], '_ \29/28Si(15N) = -4 .4 ppb;c <5l3C(Me^Si) =
4.1 [8.0] (56.5), <$13C (Me,Sn) = 8.9 [548.01. 1/\29/28s'i(' N) = -3.3 ppb;d data from ref. [4], <S13fC(Me3Si) = 2.9 [6.1]
(56.2), 6
(Me^Sn) = -2.4 [394.3], 1Z\29/^ S i(15N) = -4.9 ppb.

Fig. 1. (a) 50.7 MHz l5N NMR spectrum of the pyridine group»in compound 3 in C6D6 (10%), recorded by the refocused
INEPT pulse sequence with 'H decoupling [15], based on 27(I5N,'H) = 12 Hz. Result of 800 transients (repetition
delay 6 s, acquisition time 5 s; the signal is slightly broadened as a result of small changes in temperature); the
117/1 9Sn satellites are marked by asterisks, (b) 50.7 MHz l5N NMR spectrum of the amino group in the bis(amino)tin
compound 2 in CaDö (10%), recorded by the refocused INEPT pulse sequence with 'H decoupling [15], based on
3y(' N, 'HsiMe) = 1-6 Hz. Result of 800 transients (repetition delay 8 s, acquisition time 6 s); the 11 ' Sn satellites
are marked by asterisks; 29Si satellites are marked by arrows. At the bottom of the parent signal, l3C satellites due to
27(I5N, l3CMe) = 2.4 Hz are just resolved.

The magnitude of the low-frequency shift of the
ll9Sn resonances in 2 and 3 suggests that, on av
erage, the co-ordination number of tin may even
exceed 5 [9]. There is also a marked increase
in the magnitude of l17(119S n ,l3CMe)l and also of
Py^^Sn/H M e)!, a strong indication of increasing
co-ordination number [10], The correlation between
the bond angle CMe-Sn-CMe and I1y(' I9Sn, l3CMe)l
[11] predicts an angle close to 120° which would

be in agreement with co-ordination number 5 if
the methyl groups occupy equatorial positions. The
b l3C(py) data of both 2 and 3 are in line with (pp)7r
interactions between the amino nitrogen atom and
the ring [12], since the N-Sn co-ordination enforces
exactly the particular conformation which is re
quired for this interaction. This is in contrast with
the situation for the trimethyltin derivative corre
sponding to 3. In this trimethyltin compound, the
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repulsion between the methyl group in 3-position
and the Me^Si group at the amino nitrogen atom pre
vents such a conformation favourable for NC(pp)?r
interactions (see the l3C NMR data in Table II).
The attractive forces between the tin atom and the
pyridine nitrogen atom are too weak, whereas in
3 these forces are stronger than the 3-Me/NSiMe3
repulsion. Therefore, the bonding situation in 3 is
very similar to that in 2.
The <515N data of 2 and 3 (Table II) are signifi
cantly different as compared with the trimethyltin
derivatives (Tables I, II). The 15N resonance sig
nals of the amino group (a typical spectrum is
shown in Fig. 1) of 2 and 3 are shifted towards
higher frequency, and that of the pyridine moiety
towards lower frequency. Both effects can be traced
to stronger (pp)x interactions between the amino
nitrogen atom and the ring [13]. A strong N-Sn
co-ordination would also contribute to an increase
in the shielding of the pyridine 1?N nuclei. At the
same time, the magnitude of the coupling constants
l/(119Sn, 15N Py)l in 2 and 3 increases markedly with
respect to that of the trimethyltin compounds, an
other indication of strong N-Sn co-ordination.

Conclusions
The intramolecular pyridine N-Sn co-ordination
suggested for D [4] has now been firmly established
for the bis(trimethylstannyl)amine derivative 1. The
data for the bis(amino)tin compounds 2 and 3 show
that a moderate increase in the Lewis acidity of the
tin atom increases the co-ordinative N-Sn interac
tion even to such an extent that strong repulsive
forces can be overcome, as is evident in the case
of 3.
Experimental
All preparative work and the handling of compounds
were carried out by observing necessary precautions
to exclude air and moisture. Starting materials were
either commercial products or prepared as described
(Me3 SnNMe2 [14], 2-(Me3 Si)NH-C 5 H4N [4]).
NMR spectra were recorded by using Bruker AC
300, ARX 250 and DRX 500 instruments, all equipped
with multinuclear units and variable temperature con
trol. If not mentioned otherwise, samples dissolved in
CftD6 or toluene-ds (10 - 20%) in 5 mm (o.d.) tubes
were measured at 25 ± 1 °C. Chemical shifts are
given with respect to solvent signals (<$’H (C6 D 5 H) =
7.15 ; (C 6 D5 CD 2 H) = 2.03; 6 ]?C (C 6 D6) = 128.0;

(C 6 D?CD3) = 20.4) and external references for <5I5N
(M eN 02, neat) = 0, ~ '5N = 10.136767 MHz; <529Si
(Me4 Si) = 0, Z 29Si = 19.867184 MHz; 6119Sn (Me4 Sn) =
0, jz 11 ^Sn = 37.290665 MHz], 15N NMR spectra were
recorded by the refocused INEPT pulse sequence with 1H
decoupling [14], taking advantage of the scalar coupling
l5 N -’H(6 -py) across two bonds (ca. 12 Hz), and 1 ?N'H(SiMe3) or l5 N-'H(SnMe3) across three bonds with a
magnitude of ca. 2.0 and 1.5 Hz, respectively. In most
cases it proved possible to detect ll7/ll9Sn satellites af
ter a few minutes of spectrometer time. All 29Si NMR
spectra were measured using the same technique, based
on 2 / ( 2 9 Si, 1 Hmc). ll9Sn NMR spectra were measured by
inverse gated 1H decoupling in order to suppress the NOE
[10], Alternatively, the refocused INEPT pulse sequence
[15], based on 2/( ' 19 Sn, 1 HMe) gives similar good or even
better results.
2-[Bis( trimethylstannyl)amino]pyridine 1
Dimethylaminotrimethyltin (15.6 g; 75 mmol) was
added to 2-aminopyridine (2.3 g; 30 mmol). This mix
ture was stirred at room temperature for 30 min, and was
then heated at 80 °C for 50 h. Fractional distillation gave
compound 1 as a colourless liquid (11.5 g; 92%; b. p. 80
- 83 °C / 10~ 3 Torr) which was stored in the dark.
C i,H 22 N 2 Sn2 (494.79)
Calcd C 31.48 H 5.28 N 6.67 %,
Found C 31.15 H 5.75 N 6.78 %.
'H NMR (toluene-dg; 500 MHz): <5'H [7(1 1 9 Sn,'H)] =
0.32 [54.7] s, 18H, Me3 Sn; 6.21 m, 1H, H-5; 6.24 [-3.8]
m, 1H, H-3; 7.03 m, 1H, H-4; 7.85 m, 1H, H-6 .
Bis I N-( N-trimethylsilyl-2-aminopyridyl) ]dimethyltin (2)
and bis[N-(N-trimethylsilyl-2-amino-3-methylpyridyl)]dimethyltin (3)
A suspension of freshly prepared N-lithio-N-trimethylsilyl-2-aminopyridine or the 3-methyl derivative
(5 mmol) in hexane (30 ml) was cooled to -78 °C, and
Me2 SnCl2 (0.55 g; 2.5 mmol) was added in one por
tion. This mixture was warmed to room temperature, and
stirred for further 3 h. After filtering off insoluble material
and removing volatile material in vacuo, yellow solids
were left, and these were identified as pure (’H NMR:
> 95%; impurities were the respective amines from hy
drolysis) 2 and 3. These compounds were found to be ex
tremely sensitive to traces of moisture. 2: 1H NMR (CöDg;
500 MHz): <5'H [/( 1 1 9 Sn, 'H)] = 0.27 s , 18H, Me3Si;0.52
[63.2] s, 6 H, Me2 Sn; 5.97 m, 1H, H-5; 6.4 m, 1H, H-3;
6.95 m, 1H, H-4; 7.37 m, 1H, H-6 . 3: 'H NMR (C 6 D6;
500 MHz): <5'H [ / ( ' 1 9 S n , 1 H)] = 0.26 s, 18H. Me3 Si; 0.62
[65.4] s, 6 H, Me2 Sn; 2.12 [20.0] s, 6 H, 3-Me; 6.10 dd,
1H. H-4; 6.91 m, 1H, H-5; 7.37 m, 1H, H-6 .
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