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The reaction of β-diketiminate substituted tin(II) chloride, LSnCl (1; L = HC{(CMe)(2,6-iPr2C6H3N)}2), with the lithium
salt of trimethylsilyl diazomethane (LiC(N2)SiMe3) is described. In the course of the reaction, the exclusive formation of
tin(II) substituted carbodiimide LSnNCNSiMe3 (2) is observed in good yield. This reaction occurs at room temperature
without any side products. Furthermore, we reacted diiron nonacarbonyl, Fe2(CO)9, with compound 2 to confirm the
carbodiimide skeleton (NdCdN) without rearrangement. The latter reaction leads to the tin(II) coordinate iron
carbonyl complex LSnNCNSiMe3Fe(CO)4 (3). Compounds 2 and 3 were investigated by microanalysis and
multinuclear NMR spectroscopy and were further characterized by X-ray structural analysis.

Introduction

The chemistry of transition metals with diazoalkanes is
well documented,1 although the corresponding chemistry
with main group elements has not been extensively studied.2

Trialkylsilyl diazomethane derivatives are established for the
synthesis of chemical building blocks,3 and they also possess
six known or suspected structural isomers including nitrili-
mine and carbodiimide. In synthetic organic chemistry
compounds containing the carbodiimide functionality are
used as dehydration agents, and to activate carboxylic acids
toward amide or ester formation. For this purpose especially,
dicyclohexylcarbodiimide (DCC) with additives, such as
N-hydroxybenzotriazole, is applied for peptide synthesis in
biochemistry.4 In the literature there are reports on the
synthesis of carbodiimides from diazo compounds at very
high temperatures or in the presence of a metal catalyst.5

Herein, we report our efforts to explore diazoalkane main
group chemistrywith β-diketiminate substituted tin(II) chloride,

LSnCl.6 The reaction of lithiated trimethylsilyl diazomethane
with LSnCl leads to carbodiimide that reacts further with
diiron nonacarbonyl to form the tin(II) coordinate iron
carbonyl complex, without rearrangement. Recently, we
reported on the unprecedented end-on nitrogen insertion of
a diazo compound into a germanium(II) hydrogen bond,7

and furthermore we showed the C-H bond cleavage of
trimethylsilyl diazomethane, when this was reacted with a
N-heterocyclic germylene.8

Results and Discussion

The reaction of LSnCl (1; L = HC{(CMe)(2,6-iPr2C6H3-
N)}2), with lithiated trimethylsilyl diazomethane, obtained
from nBuLi andMe3SiCHN2 in THF, resulted in the forma-
tion of LSnNCNSiMe3 (2; Scheme 1). The reaction proceeds
at ambient temperature without using any additional catalyst.
The formation of the diazo compound LSnC(N2)SiMe3 (2a)
or nitrilimine compound LSnNNCSiMe3 (2b) was not ob-
served on the basis of analytical and structural data. In this
context it is worth mentioning that the synthesis of diazo
germylene and stannylene compounds was previously reported
using ArGeCl (Ar= 2,6-(CH2NR2)2C6H3, R=Et, iPr) and
Ar1SnCl (Ar1 = 2,6-Tip2C6H3, Tip = 2,4,6-iPr3C6H2).
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Furthermore, N-bound silyl products, [(MeC5H4)TiCl(μ-
NSiMe3)]2,

11 and [(C5Me5)2Ln{μ-N(SiMe3)NC}]2 (Ln =
Sm, La)12 have been previously observed in the reaction of
Li[Me3SiCN2] with (MeC5H4)TiCl3 and [(C5Me5)2Ln][(μ-
Ph)2BPh2] (Ln = Sm, La), respectively, with migration of
the silyl group. However, compound 2 represents the first
structurally characterized carbodiimide of heavier group 14
elements containing the Sn(II) motif.
It is well-known that the reaction of lithium salts of

substituted diazomethane with different electrophiles gener-
ates diazo or nitrilimine compounds.13 Therefore, the present
observation of a carbodiimide formation requires an unpre-
cedented rearrangement. Wentrup and co-workers reported
the evidence for nitrilimine to carbodiimide rearrangement
through an isodiazirine and imidoylnitrene intermediate,
based on the nature of the products obtained in the pyrolysis
of different nitrilimine precursors at 500 to 960 �C.14 Subse-
quently, Bertrand and co-workers mentioned the direct
evidence for the nitrilimine to imidoylnitrene rearrangement
by the isolation of a unusual nitrene complex.15 Considering
all the facts, we propose the following pathway for the
formation of 2 (Scheme 2).
Compound 2 was characterized by multinuclear NMR

spectroscopy, EI mass spectrometry, elemental analysis, and
X-ray structural analysis (Figure 1). The 1H NMR spectrum
of 2 exhibits a singlet (δ 4.96 ppm) corresponding to the CH
proton of the backbone of theC3N2Sn ring. Compound 2 has
one SiMe3 group and displays a singlet in the 29Si NMR
spectrum (δ -6.0 ppm) and shows only one type of 13C
satellite line due to the methyl groups with a coupling

constant of 58.3 Hz. This is an indication that the SiMe3
group binds to the N atom and not anymore to carbon.
Moreover, the 29Si NMR spectrum shows the resonances
which are attributed to the 15N satellite with a coupling
constant of 16.8 Hz from the nitrogen atom of the carbodii-
mide backbone. The ratio of the two satellite lines matches
well with their abundances. The 119Sn NMR resonance of 2
arises at δ-321.4 ppm as a triplet (J(119Sn-14N)= 250Hz),
which is upfield shifted when compared with that of the
starting material LSnCl (1; δ -224 ppm). In the 14N NMR
spectrum, the signal at δ -329 ppm corresponds to the N
atom bound to the silyl group, which was proven by the
15N-1H correlation experiment. The resonance of the NCN
carbon is found in the 13C NMR spectrum at δ 129.7 ppm (δ
131.0 ppm; iPr3SiNCNSnMe3).

5 In theEImass spectrum, the
molecular ion is observed at m/z 649 as the base peak for 2.
Compound 2 crystallizes from a saturated n-hexane solu-

tion at -30 �C after two days in the monoclinic space group
C2/m, with one monomer in the asymmetric unit. The
coordination around the tin atom features a distorted tetra-
hedral geometry with one lone pair (Figure 1). Crystallo-
graphic studies on 2 also indicate that the N-bound silyl
group structure LSn-NdCdN-SiMe3 was formed. All the
bond lengths and bond angles are as expected. It is worth
mentioning that in the solid state of 2 weak Sn-Sn interac-
tions (3.708 Å) are observed which are below the sum of van
der Waals radii of 4.40 Å for two tin atoms (Figure 2).16

From the multinuclear NMR and X-ray data, we formu-
lated compound 2 as a carbodiimide derivative. To verify this
skeleton, we reacted 2 with Fe2(CO)9 to show whether the
lone pair on tin is still prone to complexation with Fe(CO)4
(Scheme 3). In the course of the reaction, the tin(II) coordi-
nate iron carbonyl complex LSnNCNSiMe3Fe(CO)4 (3) is
formed with the same carbodiimde functionality.
Compound 3was characterized by multinuclear NMR, EI

mass spectrometry, and X-ray structural analysis. In the 29Si
NMR spectrum, 3 exhibits a singlet at δ-3.2 ppmwith a 13C

Scheme 1. Preparation of 2

Scheme 2. Proposed Pathway for the Formation of 2

Figure 1. Molecular structureof2. Thermal ellipsoids are shownat 50%
probability. H atoms are omitted for clarity reasons. Selected bond
lengths [Å] and angles [deg]: Sn1-N1 2.121(7), N1-C1 1.124(10),
C1-N2 1.239(11), N2-Si1 1.718(7), Sn1-N3 2.169(3); Sn1-N1-C1
152.5(8), N1-C1-N2 178.6(10), C1-N2-Si1 136.2(7), N1-Sn1-N3
90.35(18), N3-Sn1-N3A 86.5(2).
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satellite (2J(29Si-13C) = 59.0 Hz). In the 119Sn NMR
spectrum,3displays a resonance atδ11.45ppm,which is down-
field shifted when compared with that of 2 (δ -321.4 ppm).
Moreover, in the 13CNMR spectrum, the resonance arises at δ
212.9 ppm for the CO group, a value comparable to those of
LGe(OH)Fe(CO)4 (δ 214.8 ppm)17 and LSn(OH)Fe(CO)4 (δ
213.1),18 and also matches with the other reported Sn(II)-Fe
carbonyl complexes.19

Compound 3 crystallizes in the orthorhombic space group
Pnma with one molecule in the asymmetric unit from a
saturated toluene solution (Figure 3). The coordination
polyhedron around the tin atom features a distorted tetra-
hedral geometry.

Summary and Conclusion

In this manuscript, we describe the facile synthesis of a
carbodiimide with a tin(II) moiety. This reaction proceeds
probably via a unique diazo-nitrilimine-isodiazirine-imidoyl-
nitrene-carbodiimde rearrangement at ambient temperature.
The high yield synthesis of a stable Sn(II) carbodiimide
creates a potential precursor to generate a variety of com-
pounds containing low valent group 14 elements.

Experimental Section

General Considerations. All manipulations were performed
under a dry and oxygen free atmosphere (N2) using standard
Schlenk techniques or inside an MBraun MB 150-GI glovebox
maintained at or below 1 ppm of O2 and H2O. Solvents were
purified with the MBraun solvent drying system. The starting

material 1 was prepared using literature procedures.6 Other che-
micals were purchased and used as received. 1H, 13C, 29Si, and
119Sn NMR spectra were recorded on a Bruker Avance DRX
500 MHz instrument and referenced to the deuterated solvent in
the case of the 1H and 13CNMRspectra and SiMe4 and SnMe4 for
the 29Si and 119Sn NMR spectra, respectively. Elemental analyses
were performed by the Analytisches Labor des Instituts f€ur
AnorganischeChemiederUniversit€atG€ottingen. Infrared spectral
datawere recordedonaPerkin-ElmerPE-1430 instrument. EI-MS
were measured on a Finnigan Mat 8230 or a Varian MAT CH5
instrument. Melting points were measured in sealed glass tubes
with a B€uchi melting point B 540 instrument.

Synthesis of LSnNCNSiMe3 (L=HC{(CMe)(2,6-iPr2C6H3-
N)}2) (2). A solution of lithium trimethylsilyldiazomethane
(4.0 mmol) prepared from a solution of trimethylsilyldiazo-
methane (2.0 mL, 2 M in n-hexane) and nBuLi (2.5 mL, 1.6 M
in n-hexane) in THF (15 mL) was added drop by drop to the
solution of 1 (2.20 g, 4.0 mmol) in THF (35 mL) at-78 �C. The
resulting solution was allowed to warm slowly to room tem-
perature and was stirred for another 30 min. Solvents were
removed in a vacuum, and the residue was dissolved in n-hexane
(80 mL). The solution was filtered, the solvent was partially
removed, and 2 was obtained as a yellow crystalline solid after
being stored for two days at -30 �C in a freezer. The crystals
were suitable for X-ray structural analysis. Yield (1.76 g, 68%).
Mp 177 �C. 1H NMR (500 MHz, C6D6): δ 7.02-7.15 (m, 6H,
Ar-H), 4.96 (s, 1H, CH), 3.82 (sept, 2H, CH(CH3)2), 3.14 (sept,
2H,CH(CH3)2), 1.61 (s, 6H,CH3), 1.51 (d, 6H,CH(CH3)2), 1.32
(d, 12H, CH(CH3)2), 1.18 (d, 6H, CH(CH3)2), 1.07 (d, 6H,
CH(CH3)2), 0.27 (s, 9H, Si(CH3)3) ppm. 13C NMR (75.46
MHz, C6D6, 25 �C): δ 165.4 (CN), 145.7, 142.8, 141.8, 125.3,
125.1, 124.0 (ArC), 129.7 (NCN), 99.9 (CH), 29.2 (CH(CH3)2),
28.2 (CH(CH3)2), 27.1 (CH3), 24.7 (CH(CH3)2), 24.4 (CH-
(CH3)2), 24.2 (CH(CH3)2), 24.8 (CH(CH3)2), 2.0 (Si(CH3)3)
ppm. 14N{1H} NMR (50.68 Hz, C6D6): δ -184 (NSn), -291
(NC), -329 (NSi) ppm. 29Si{1H} NMR (125.77 Hz, C6D6): δ
-6.0 (Si(CH3)3) ppm. 119Sn{1H} NMR (186.46 MHz, C6D6): δ
-321.4 ppm. EI-MS (70 eV): m/z (%): 649 (100) [M]þ. Anal.
Calcd for C33H50N4SiSn (649.55): C, 61.02; H, 7.76; N, 8.63.
Found: C, 61.42; H, 8.04; N, 8.42.

Synthesis of LSnNCNSiMe3Fe(CO)4 (L = HC{(CMe)(2,6-
iPr2C6H3N)}2) (3).Aflaskwas chargedwith2 (0.650g, 1.00mmol)
andFe2(CO)9 (0.370 g, 1.00mmol) inTHF (140mL). The solution

Figure 2. Unit cell of2, showing theweak Sn-Sn interactions (3.708 Å).

Scheme 3. Preparation of 3
Figure 3. Molecular structureof3. Thermal ellipsoids are shownat 50%
probability.Hatoms and isopropyl groups are omitted for clarity reasons.
Selected bond lengths [Å] and angles [deg]: Sn1-N1 2.081(6), N1-C1
1.136(9), C1-N2 1.198(9),N2-Si1 1.649(7), Sn1-N32.122(3), Sn1-Fe1
2.4777(9); Sn1-N1-C1 141.2(7), N1-C1-N2 172.9(10), N1-Sn1-N3
95.87(15), N3-Sn1-N3A 88.93(16).
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was stirred for 24 h at ambient temperature. The byproduct was
removedby filtration of the solution overCelite, resulting in a clear
pale brown filtrate. From the resulting solution, the volatiles were
removed, giving a pale brown solid. Crystallization of the crude

product was attained from a saturated toluene solution of 3 and
storing it at -30 �C in a freezer. Compound 3 deposited as light
brown crystals. Yield: 0.60 g (73%).Mp 197 �C. 1HNMR (500.13
MHz, C6D6, 25 �C): δ 7.04-7.15 (m, 6H, ArH), 5.00 (s, 1H;
CH), 3.71 (sept, 2H, CH(CH3)2), 3.06 (sept, 2H, CH(CH3)2), 1.56
(d, 6H, CH (CH3)2), 1.52 (s, 6H; CH3), 1.32 (d, 6H, CH(CH3)2),
1.26 (d, 6H, CH(CH3)2), 1.02 (d, 6H, CH(CH3)2), 0.23 (s, 9H,
Si(CH3)3) ppm. 13C NMR (125.75 MHz, C6D6, 25 �C): δ 212.9
(CO), 169.9 (CN), 145.3, 143.2, 139.9, 128.8, 125.4, 124.8 (ArC),
129.1 (NCN), 101.6 (CH), 29.4 (CH(CH3)2), 28.6 (CH(CH3)2),
25.7 (CH3), 24.5 (CH(CH3)2), 24.5 (CH(CH3)2), 24.3 (CH(CH3)2),
24.0 (CH(CH3)2), 1.5 (Si(CH3)3) ppm. 29Si{1H}NMR (125.77Hz,
C6D6): δ-3.2 (Si(CH3)3) ppm. 119Sn NMR (111.92 MHz, C6D6,
25 �C):δ11.4 ppm.EI-MS (70 eV;m/z (%)): 734 (15) [M- 3CO]þ,
706 (100) [M - 4CO]þ.

Crystallographic Details for Compounds 2 and 3. Suitable
crystals of 2 and 3 were mounted on a glass fiber, and data were
collected on an IPDS II Stoe image-plate diffractometer (graphite
monochromated Mo KR radiation, λ = 0.71073 Å) at 133(2) K
(Table 1). The data were integrated with X-Area. The structures
were solved by directmethods (SHELXS-97)20 and refined by full-
matrix least-squaresmethods againstF2 (SHELXL-97).20 All non-
hydrogen atoms were refined with anisotropic displacement para-
meters. The hydrogen atoms were refined isotropically on calcu-
lated positions using a riding model.
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Table 1. Crystallographic Data for the Structural Analyses of Compounds 2
and 3

2 3

empirical formula C33H50N4SiSn C37H50FeN4O4SiSn

CCDC no. 745456 749249

T [K] 133(2) K 133(2) K

cryst syst monoclinic orthorhombic

space group C2/m Pnma

a [Å] 17.018(3) Å 23.764(5)

b [Å] 19.998(4) 16.231(3)

c [Å] 12.539(3) Å 10.373(2)

R [deg] 90 90

β [deg] 126.27(3) 90

γ [deg] 90 90

V [Å3] 3440.5(12) 4001.3(14)

Z 4 4

Dcalcd [g cm-3] 1.254 1.357

μ [mm-1] 0.803 1.057

F(000) 1360 1688

θ range [�] 1.94 to 25.86 1.71 to 25.82

data/restraints/params 3415/0/168 3837/3/237

reflns collected/unique 13525/3415

(Rint = 0.0419)

14172/3837

(Rint = 0.0288)

R1, wR2 [I > 2σ(I)]a 0.0468, 0.1206 0.0472, 0.1220

R1, wR2 (all data)a 0.0506, 0.1228 0.0554, 0.1269

GoF 1.026 1.021

ΔF(max), ΔF(min) [e Å-3] 2.553, -1.638 2.739, -2.985

aR1=
P

)Fo| - |Fc )/
P

|Fo|. wR2 = [
P

w(Fo
2 - Fc

2)2/
P

w(Fo
2)2]0.5.
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