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C,3H;F;05NSSn, (817.8) (%): C19.1, H4.4,N 1.7; found: C19.2, H4.2, N
1.4. The mass spectrum showed only signals from fragments of the Me;Sn
group; '"H NMR ([Dg]THF, 28°C): 6 =0.36 (s, wy, =75 Hz); BC{'H} NMR
([Dg]THF, 28°C): 0 =—1.3 (s, wy,=40 Hz); "“Sn{'H} NMR ([D;]THF,
25°C): 0=88.5 (s, w;,=430 Hz); YF NMR ([Dg]THEF, 28°C): 6 =—79.6
(s).

2: (Me;Sn);P (1.29 g, 2.47 mmol) was slowly added dropwise to a solution
of Me;SnOTf (0.77 g, 2.46 mmol) in toluene (ca. 20 mL) at room temper-
ature. A colorless precipitate formed immediately and was crystallized
from THF (ca. 10 mL) by cooling. This afforded cubic colorless crystals of 2
which were sparingly soluble in THF, insoluble in nonpolar solvents, and
completely stable in air and towards hydrolysis (1.69 g, 2.02 mmol, 82%).
Elemental analysis calcd for Cj3H;F;05PSSn, (834.8) (%): C 18.7, H 4.3;
found: C 18.7, H 4.2. The mass spectrometric investigations (EI) gave
signals corresponding to the cleavage of (Me;Sn);P and (Me;Sn),PH;
'H NMR: 6 =0.43 (s, w;, =7 Hz); 3P NMR: 6 = —325.5 (s, w;, =50 Hz);
BC{'H} NMR: 6 = —3.3 (s), CF; signal not observed; ""Sn{'H} NMR: 6 =
376 (s, w;, =430 Hz); F NMR: 0 = —79.5 (s).

2": A solution of NaBPh, (2.01 g, 5.88 mmol) in THF (ca. 10 mL) was added
to a suspension of Me;SnF (1.16 g, 6.35 mmol) and (Me;Sn);P (3.37 g,
6.45 mmol) in THF (ca. 20 mL) at room temperature . The mixture was
stirred for 24 h at 45°C. The solution was separated by centrifugation from
the NaF formed and the solvent removed under vacuum. The resulting
powder was crystallized from a small amount of THF to give compound 2
which is very soluble in THF and only slightly air and moisture sensitive
(3.29 g, 327 mmol, 56%). Elemental analysis calcd for Cs;HssBPSn,
(1004.6) (%): C 43.0, H 5.6; found: C 42.8, H 5.3; 'TH NMR ([D;]THF):
0 =735 (m, 8H, 0-CH), 6.94 (pseudo-t, *J(H,H) = 7.2 Hz, 8 H, m-CH), 6.80
(m, 4H, p-CH), 0.40 (s, w;;, =4 Hz, 36 H) ; P NMR ([D]THF): 6 = —323.6
(s, wi,=90 Hz); BC{'H} NMR ([Dg]THF): 6 =164.3 (q, C(1), J(C,B)=
49.4 Hz), 136.6 (q, C(3), *J(C,B)=12Hz), 1251 (q, C(2), JJ(CB)=
30Hz), 1213 (s, C(4)), —42 (s, wy,,=11Hz); '"Sn{'H} NMR
([Ds]THF): 6 =38.4 (s, w, =180 Hz).
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It is known that nitrilium phosphane ylide complexes II can
be efficiently generated by thermally!l or photochemically!
induced ring opening of 2H-azaphosphirene complexes I
(Scheme 1) and subsequently trapped by electronically acti-
vated 7 systems such as alkynes,’) nitriles,¥ or phosphaal-
kynes,P! thus providing access to a variety of new unsaturated
N,P-heterocyclic ring systems. To develop the synthetic
potential of this methodology, it was necessary to find a novel
access to nitrilium phosphane ylide complexes II, thus
providing N,P-heterocycles with more ubiquitous substituents
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R /M(CO)S formed, by reaction of the terminal phosphane-

OC)sM~_ = R o o R R diyl complexes 2a, b with 1-piperidinonitrile, and
/P\ — RCEN—P\ = e com undergo [3+2] cycloaddition reactions with
r—C=N M(CO) J Vi 2\ie DMAD to yield complexes 5a, b. This inter.pre-

5 Me CO,Me tation is strongly supported by observations,

Scheme 1. 2H-azaphosphirene I and 7-phosphanorbornadiene complexes III as synthons
for the generation of transient nitrilium phosphane ylide complexes II (R =alkyl, aryl;

[M] = metal complex fragment).

at phosphorus such as methyl, phenyl, or even functional
groups. Although it is now well established that 7-phospha-
norbornadiene complexes III serve as efficient precursors for
transient terminal phosphanediyl complexes and react with a
wide variety of 7 systems,!®! giving cycloaddition products in
most cases, no reactions of derivatives of III with nitriles have
been reported. Nevertheless, there is also evidence for the
transient formation of 1,3-dipole systems such as phospha-
carbonyl ylide complexes in reactions of complexes of type III
with carbonyl compounds.l’-)

Here we report the synthesis of P-methyl- and P-phenyl-
substituted 2H-1,2-azaphosphole complexes using three-com-
ponent reaction conditions and 7-phosphanorbornadiene
complexes, 1-piperidinonitrile, and dimethylacetylenedicar-
boxylate (DMAD) as components, as well as the structure of a
P-methyl-substituted 2H-1,2-azaphosphole complex.

The thermal decomposition of 7-phosphanorbornadiene
complexes 1a,b,['] 1-piperidinonitrile, and DMAD in toluene
at 120°C yielded selectively the 2H-1,2-azaphosphole com-
plexes S5a, b as main products (crude product yields >80%)
(Scheme 2); two by-products (<5%) were detected by 3'P
NMR spectroscopy (reaction to give Sa: 0=1244,
| JC'PW) |=262.6 Hz; reaction to give S5b: d=125.3,
| J('P,W) |=270.1 Hz), but could not be isolated. The 2H-
1,2-azaphosphole complexes Sa, b are isolated by low-tem-
perature chromatography and crystallization from n-pentane/
toluene. The suggested structures of the complexes Sa, b are
based on solution NMR-spectroscopic and MS datal'! and are
confirmed in the case of 5a by a single-crystal X-ray structure
analysis.['?

The product formation is readily explained by assuming
that nitrilium phosphane ylide complexes 4a, b are transiently

W(CO)
R e 5
>p Me
Me h
7 CO,Me (OC)sW(PR) +
/
Me coMe 2ab MeO,C
1a,b
< pipC=N >
OC)sW R
(OC)s p .
MeO,C nrT N DMAD ® o
eor~ N pipC=N—P"
N\ N\
=0
MeO,C pip W(CO)s
- 4
5a,b dab

Scheme 2. Proposed reaction course for the formation of 2H-1,2-azaphosphole complexes
5a, b. R=Me (a), Ph (b); pip = 1-piperidino; DMAD =MeO,CC=CCO,Me.
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made earlier, on nitrile/nitrile exchange processes
of nitrilium phosphane ylide complexes.[*! Inter-
estingly, cycloaddition reactions of 4a, b to the
C—O =t system of DMAD, which would give A3-
1,3,2-oxazaphospholene complexes, were not ob-
served.[*] The complexes Sa, b display 3P NMR signals in the
range of 0 =75-80 with | J(*'P,'¥W) | values of about 250 Hz
and characteristic C chemical shifts of the carbon atoms of
the five-membered rings in the range 6 =140-160.0" 3!

As also observed for pentacarbonyl[2-bis(trimethylsilyl)-
methyl-3,4-bis(methoxycarbonyl)-5-dimethylamino-2 H-1,2-
azaphosphole-xP]tungsten(o) (6),*] the molecular structure
of complex 5a (Figure 1) shows a planar five-membered ring
(mean deviation 3 pm) with N1—-C8 and C7—C6 bond lengths
of 131.9(2) and of 135.0(2) pm, respectively, which are similar
to those of complex 6 (N—C: 131.2(5); C—C: 133.8(6)!3]). The
different steric situation in the (OC)sWPR structural units of

Figure 1. Molecular structure of complex 5a in the crystal (ellipsoids
represent 30% probability levels; H atoms are omitted for clarity).
Selected bond lengths [pm] and angles [°]: W-P 249.96(5), P-N1 168.22(15),
N1-C8 131.9(2), C8-C7 151.3(2), C7-C6 135.0(2), C6-P 181.51(17), C9-P
181.4(2); N1-P-C6 93.6(2), P-C6-C7 108.36(12), C6-C7-C8 111.10(14), C7-
C8-N1 114.74(15), C8-N1-P 111.60(12).

5a (R=Me) and 6 (R =CH(SiMe;),) correlates
Me with shortened bond lengths in 5a (W—P
249.96(5) and C9-P 181.4(2) pm; 6: W-P
252.37(11) and C—P 183.6(4) pm!"!) and a nar-
rowing of the W-P-C6 bond angle in Sa
(114.97(6)° vs 119.26(14)° in 611%).

Experimental Section

5a,b: DMAD (0.5mL, 3 mmol) and 1-piperidinonitrile
(0.5 mL, 4.7 mmol) were added to a solution of 1a (0.80 g,
1.3 mmol) or 1b (0.90 g, 1.3 mmol) in toluene (10 mL) and
the reaction mixture was stirred for 3.5—-4 h at 120°C. When
the reaction was complete (as monitored by 3'P NMR), the
solution was evaporated to dryness in vacuo (ca. 0.1 mbar),
and the residue subjected to low-temperature column
chromatography on silica (—32°C, n-hexane/diethyl ether
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9/1). The eluates were evaporated to dryness in vacuo (ca. 0.1 mbar), and
the residues recrystallized from n-pentane/toluene (9/1). Selected physical
and NMR spectroscopic data for 5a, b (the deuterated solvents were used
as internal and 85% H;PO, as external standards). 5a: yellow powder,
yield: 180 mg (34 %), m.p. 113°C (decomp). 5a: C{'H} NMR (50.3 MHz,
C¢Dg, 25°C): 0=20.3 (d, 'J(P,C) =271 Hz; PCHj;), 24.2 (s; NCCCH,), 25.7
(s; NCCCH,), 48.5 (s; NCCCH,), 52.3 (s; OMe), 52.8 (s; OMe), 141.6 (d,
@+3J(P,C) =21.1 Hz; PCC), 159.7 (d, **»J(P,C) =8.4 Hz; PCC), 160.2 (d,
@3)J(P,C)=5.4 Hz; PNC), 1614 (d, J(P,C)=11.1 Hz; CO,Me), 165.6 (d,
J(P,C)=15.4 Hz; CO,Me), 196.5 (d, 2J(P,C) =76 Hz; cis-CO), 199.8 (d,
2J(P,C) =21.7 Hz; trans-CO); *'P{'"H} NMR (81.0 MHz, C¢Dy, 25°C): d =
76.0 (s, J(P,'$>W) =248.7 Hz). 5b: yellow powder, yield: 80 mg (13 %), m.p.
124°C (decomp). BC{'H} NMR (50.3 MHz, C¢Ds, 25°C): 6=24.3 (s;
NCCCH,), 25.9 (s; NCCCH,), 48.9 (s; NCCCH,), 52.8 (s; OMe), 53.4 (s;
OMe), 128.7 (d, 2J(P,C) =10.6 Hz; o-Ph), 130.8 (d, *J(P,C) =14.1 Hz; m-
Ph), 131.2 (d, ¥(P,C)=2.9 Hz; p-Ph), 131.9 (d, 'J(P,C)=42.1 Hz; i-Ph),
140.0 (d, ®+3J(P,C) =20.4 Hz; PCC), 159.3 (d, “*YJ(P,C) =7.6 Hz; PCC),
160.9 (d, @*3J(P,C)=5.4 Hz; PNC), 161.4 (d, J(P,C)=10.8 Hz; CO,Me),
165.6 (d, J(P,C)=15.3 Hz; CO,Me), 196.0 (d, 2/(P,C) =6.4 Hz; cis-CO),
199.0 (d, %/(P,C) =22.8 Hz; trans-CO); 3'P{'H} NMR (81.0 MHz, C,Dj,
25°C): 6 =178.8 (s, J(P,'®*W) =254.0 Hz).
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The synthesis of new molecular magnetic materials that
combine paramagnetic metal ions and pure organic radicals as
ligating sites has attracted much more attention in the last few
years.l!l Such systems enhance the diversity and/or dimen-
sionality of magnetic systems made up from paramagnetic
metal ions and diamagnetic coordinating ligands. So far,
different types of stable organic radicals have been studied
although one of the families most extensively used is that of a-
nitronyl nitroxides (NIT). Since the nitroxyl groups are only
weakly coordinating, a-nitronyl nitroxides bearing different
coordinating functionalities have been reported.l? 3 Variation
of the coordination ability provided access to new complexes,
whose diversity ranged from discrete molecules to high-spin
clusterst! and to extended two- or three-dimensional sys-
tems.[) Another approach successfully used to expand the
dimensionality of the systems, ensuring the presence of large
exchange interactions, has been the use of multicoordinating
polyradical ligands. For instance, Iwamura et al. reported
complexes with such polyradicals and manganese(i) hexa-
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