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The First Nitrogen NMR Spectroscopic Study of Nitrile Imides (Nitrilimines)
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14N NMR spectroscopy provides a powerful tool to distinguish easily nitrile imides from the isomeric diazo
compounds; the chemical shift variations of the N, resonance reflect the electronic interaction between the

substituents and the nitrile imide skeleton (-CN.Ng-).

Until recently, nitrile imides A were considered as transient
intermediates and, thus, had been spectroscopically charac-
terized only by IR and UV spectroscopy in matrices at 85 Kla-—<
or by masslc and real time photoelectron spectroscopy!4in the
gas phase. The first derivatives of type A, stable at ambient
temperatures, were prepared using heteroatom substituents.?
The key step in the synthesis is electrophilic attack at the
terminal nitrogen atom of a diazo lithium salt B. Depending
on the nature of the reagents, the reaction can also occur at
carbon leading to isomeric diazo compounds C. Moreover, the
rearrangement of nitrile imides A into diazo compounds C has
been observed.2s-<.f.¢ Thus, it was of interest to find a rapid
and reliable method to distinguish nitrile imides A from their
diazo isomers C (Scheme 1).

The IR absorptions for both types of compounds are found
in a similar range.2 For phosphorus-substituted derivatives 31P
NMR spectroscopy has proved to be valuable,2e¢ but this is,
of course, not generally applicable.

In Table 1, the nitrogen and 13C NMR data for the CN,Ng
skeleton of some nitrile imides 1-8 and of related diazo
compounds 9-14 are given. It is clear from the data that the
13C chemical shift of the carbon atom bound to nitrogen can
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serve as a criterion to differentiate between the two isomeric
structures. However, observation of these 13C resonances is
hampered owing to the fairly long longitudinal relaxation time
T,(*3C). In addition, the transverse relaxation time T,(13C) is
considerably shortened by scalar relaxation of the second kind
caused by the adjacent 14N nucleus.? Further difficulties arise
when heteronuclei like 11B or 3!P are attached to these carbon
atoms, giving rise to additional broadening or splitting,
respectively.

+ - ‘
Pri,Si—C=N—N--SiPr3
1

s "L
[NV TV A M AN B A A W abul P Y e

Pr‘ssi—ﬁ ~H Ny

N>
9

N
/"\B \

s T W
AR T Baat RS NNt SV e Py A S P ) AR AR A

220 —40 —60 —80 —100—120—140—160—180—-200—220~240—260
8

Fig. 1 18.08 MHz N NMR spectra of nitrile imide 1 and diazo
compound 9, measured for =15% solutions in C;Dg at 301 K.
Spectrometer time for each spectrum: ~5 min.
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Table 1 Nitrogen and 13C NMR data« of nitrile imides 1-8 and related diazo compounds 9-14

Compound
No. R E N (Vi) ONg(vi) ONnise.(V172) Solv. T/K S(13C)(CN)  Solv.
122 Pri,Si SiPriy —189.0(78) n.o. — C;Dg 301 46.7 CeDsg
2% Pri;N),B B(NPri), —186.4(140) n.o. ~ —285(1300) C;Dg 348 65.8 CsDg
32 (c-HexoN),B  B(NPrh), —188.0(175) n.o. = —320(1000) CDCl; 328 68.0 CDCl,
412 (c-Hex,N);B  B(Nc-Hex,), —191(550) n.o. =~ -315(>1600) CDCl, 298 66.5 CDCl,
524 (Pri;N),B P(NPr;), —184.4(220) n.o. = ~320(>1500) CeDg 298 67.0 CeDsg
612 (Pri;N),P P(NPr), —191.9(250) n.o. ~—320(1300) CDCl; 328 63.4 CeDs
720 (Pri;N),P(S)  P(NPri), -173.1(107) n.o. =~ —320(>1500) C¢Dg 343 61.0 CDCl,
.24 (Pri;N),P(S)  P+(Me)(NPriz),? —215.0(200) n.o. n.o. Ce¢Dg 343 69.8 CDCl;
92f Pri;Si H —121.4(45) -62(315) — C7Dg 301 15.0 CDCl,
1024 (Pri;N),B H —114.2(80) —44.6(430) —306(670) C;Dg 348 36.5¢ C7Dg
1126 (Pri;N),P H ~113.0(50) —23.8(470) —302.6[78.2]¢ CeDs 338 31.0 CsDe
122 (Pri;N),P(S) H —123.8(62) —26(870) ~-320(1070) C¢Dsg 338 40.3 CsDs
1313 (Pri;N),P Me;Si —120.9(115) —-74(720)  —305.5[72.1]7  C¢Dsg 338 28.7 CsDe
1414 (Pri;N),P (Pri;N),P —114.8(150) =~ —38(1150) —307.3[77.3]¢ C;Dg 338 40.9 C,Dg

4 Bruker WM 250 and AM 300 spectrometers; solutions ca. 15-30% v/v; positive signs indicate high frequency shifts; chemical shift
references: 13C [SiMey, d(13C) (solvent) 20.4 (C;Dg), 77.0 (CDCl3), 128.0 (C¢Dg)]; 14N, ISN (neat MeNO,, external E(14N) =
7226455 Hz, E(1N) = 10136767 Hz (n.o. = not observed). ® Counter ion: SO3;CF;~. ¢ 1J(13Cl11B) =93 Hz, estimated from the
13C linewidth at 348 K. 415N NMR data, recorded with the INEPT pulse sequence assuming a coupling constant J(ISN'H) =~ 2.5 Hz;!!

1J(31PBN) in square brackets in Hz.
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We found that N NMR spectroscopy provides a simple
and quick way to distinguish the two CNN structural isomers.*
Of particular interest, 14N NMR spectroscopy can be applied
to reaction solutions. The 4N, nuclei give rise to compara-
tively narrow 4N NMR signals, which are easily observed
even for larger molecules (e.g. 4) at room temperature. This
behaviour is similar to that found in related molecules such as
azides R-NNN,5 nitrile oxides R-CNO¢ and isocyanamides
R,NNC,7 where the 4N nuclei of the linear dicoordinated
nitrogen atoms experience only small electric field gradients.
The N, chemical shift difference between nitriles imides A and
the corresponding diazo compounds C (=70 ppm between,
e.g. 119, 2/10, and 6/14) is sufficient for a definitive assignment
of the structure (Fig. 1). As expected, the nitrogen chemical
shifts for the nitrile imides are found in a similar range to those
of nitrile oxides.¢

The 1“Ng resonance of nitrile imides was never observed.
When compared with covalent azides,>-8 this resonance can be
expected around 3y = —300. Unfortunately, for compounds
2-8 this region in the 14N NMR spectra is dominated by the
broad and intense signals due to the amino substituents which
would therefore overlap with the 4Ny resonance. However,
even in the case of 1 only the narrow 4N, NMR signal was
observed even at +80 °C (Fig. 1). This would indicate that the
electric field gradient at the site of the 1“Np nucleus is very
large, causing the 14Nj relaxation time T to be very short.

For 720 and 82¢ the structures have been determined by
X-ray crystallography. Considering the possible resonance
structure of nitrile imides, these compounds represent two
extremes: 7 is best described as a heteroallenic compound I
while 8 shows a heteropropynylic structure II.

In solution these findings are reflected by the 8(14N,) values
which compare with the corresponding !3C chemical shifts of
ketenimines? (>C=C=N-) and amino-substituted alkynes!®
(-C=C-N<). This comparison shows the correlation existing
between the 14N, shielding and the corresponding resonance
structures of the nitrile imide skeleton (-CNyNg-). This
method could probably be extended to other derivatives, thus
providing a simple and straightforward tool in the deduction of
electronic structures.
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