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Formation and Structure of the First
7-Aza-1-phosphanorbornadiene Complex**
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Dedicated to Professor Edgar Niecke
on the occasion of his 60th birthday

The chemistry of the norbornadienes (bicyclo[2.2.1]hepta-
2,5-dienes) displays a variety of interesting aspects. One of
these is the photochemical isomerization of norbornadienes
to quadricyclanes!!! and its catalytic reversal.?l Another is the
synthesis, stability, and reactivity of heterocyclic analogues
bearing a nitrogen or phosphorus atom at the 1- and/or
7-position (I-III in Figure 1); particularly noteworthy results
from this area concern the differences in stability between
7-aza-Bl and 7-phosphanorbornadienes (Type IT),[ (the latter
can be stabilized and isolated by coordination of the
phosphorus to a metal®), and catalytic reactionsl® using
1-phosphanorbornadienes!”! (Type I) as novel ligands.

1 ] 1]
Figure 1. Heteronorborna-2,5-dienes I-III (exocyclic lines denote arbi-
trary substituents; E,E’=N, NR and/or P, PR).
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Here we report the synthesis and structural characteriza-
tion of a tungsten complex of the novel 7-aza-1-phosphanor-
bornadiene ring system.[’! This is formed by a trapping
reaction of an intermediate, a PCsMes-substituted nitrilium
phosphane ylide tungsten complex,! with dimethylacetylene
dicarboxylate (DMAD) and subsequent reaction with
DMAD, which leads to cleavage of an exocyclic P—C bond.
We also present a highly efficient synthesis of a novel
phosphorus —carbon cage compound.!'”!

If the 2H-azaphosphirene tungsten complex 11'is heated in
benzonitrile at 75°C in the presence of DMAD, the 2H-1,2-
azaphosphole tungsten complex 3 is formed (Scheme 1);
however, 3 (6('P)=119.1, J('P$W) =249 Hz) is not
stable under these conditions, and undergoes cleavage of the
exocyclic P-C bond (presumably by a radical mechanism) to
form the transient intermediate 1H-1,2-azaphosphole com-
plex 4, which finally yields complex 5 by [4+2] cycloaddition
with DMAD;[- 12 13] the source of the H atom is still unclear.
Since this reaction also provided a product with a 3'P NMR
resonance signal at high field, (6(*'P) = —66.8, ca. 10%), we
decided to repeat the reaction in toluene.’! This led, after
formation of a short-lived intermediate (0(*'P)=—100.1) to
benzonitrile and, as sole phosphorus-containing product, the
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Scheme 1. Suggested reaction courses for the formation of complexes 5§
and 8.
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complex 8; our suggestionl as to how 8 is formed is shown in
Scheme 1. The complexes § and 8 are isolated by low-
temperature chromatography and crystallization. The sug-
gested structures of 5 and 8 are based on NMR-spectroscopic
data in solution (Table 1) and MS datal'¥ and are in both cases
supported by X-ray structure analysis.[”]

Table 1. Selected NMR-spectroscopic data of the complexes 5 and 8.1

5: BC['H} NMR: 6=52.8 (s; OCHy), 53.0 (s; OCHy), 88.6 (d, J(P.C) =
5.4 Hz; C4), 126.1 (s; Ph), 129.0 (s; Ph), 129.6 (s; Ph), 1325 (d, J(P.C) =
53 Hz; i-C(Ph)), 148.5 (d, J(P.C)=13.3 Hz; C2/6), 162.3 (d, J(PC) =
16.3 Hz; C3/5), 1644 (d, J(PC)=9.7Hz; C3/5-CO,Me), 166.7 (d,
2J(P,C) =2.1 Hz; C2/6-CO,Me), 194.2 (d, 2J(P,C) =8.2 Hz; cis-CO), 196.6
(d,2J(P,C) =32.9 Hz; trans-CO); '"H-NMR: 6 =3.72 (s, 6 H; OCHj), 3.76 (d,
2J(PH)=5.1 Hz, 1H; NH), 3.85 (s, 6H; OCH;), 7.45 (m, 3H; H,op ), 7.62
(mg, 2H, Hyrom)

8: BC{'H} NMR: 6 =5.9 (d, J/(P.C) = 5.8 Hz; C8-CHy), 14.0 (s; C3/6-CHy),
14.1 (d, 4J(P.C)=2.6 Hz; C4/5-CH,), 52.1 (s; OCHy), 56.5 (d, “I(P.C) =
92 Hz; C3/6), 665 (d, J(P.C)=322Hz; C8), 70.4 (d, J(P.C)=52 Hz;
C2/7), 1417 (d, J(PC)=10.4 Hz; C4/5), 168.7 (s; CO,CH,), 193.6 (d;
2J(P,C)=8.1 Hz; cis-CO), 197.4 (s; trans-CO); 'H NMR: 6=0.58 (d,
3J(PH)=19.0 Hz, 3H; C8-CH,), 1.52 (s, 6 H; C3/6-CHs), 1.71 (s, 6 H; C4/5-
CH,), 3.62 (s, 6H; CO,CHz)

[a] CDCl;, 20°C; BC NMR: 50.3 MHz; *'P NMR: 81.0 MHz. The
deuterated solvent was used as internal standard, 85 % H;PO, as external
standard.

Complex 5 shows a 3'P NMR resonance (6 =63.0) that is
considerably low-field shifted compared to that of 3,4-
dimethyl-2,5,6-triphenyl-1-phosphabicyclo[2.2.1]heptadienel”)
(9) (6=-—8.4). The magnitude of the coupling constant
| J(13W,3IP) |, 294.8 Hz, indicates not only the direct bond to

the phosphorus atom, but also
that the latter is bonded to nitro-

Ph 7 -P ph  gen (further NMR data in Ta-
/ ble 1). The highly symmetrical

Ph Me Me structure of the heterocyclic li-
9 gand in complex 8 is demonstrat-

ed by the symmetry-related re-
duction in the number of cage carbon signals and those of the
directly bonded methyl groups. As expected,l'! the 3'P NMR
resonance of complex 8 is observed at high field (6 = —67.2),
although this is low-field shifted in comparison to that for
{[ (2,3-bis-(methyloxycarbonyl)-1-bis(trimethylsilyl)methyl-
1H-phosphirene]pentacarbonyltungsten(0)}l'7 (6 =—74.6,
LJ(18W3P) =281.1 Hz[') and also has a lower coupling
constant [J(W3IP) | of 242.0 Hz.

The molecular structure of complex 5 in the crystal
(Figure 2) shows the characteristic norbornadiene-type ring
system; two molecules are linked by hydrogen bonds (Fig-
ure 2bottom). The P—C bonds in the six-membered ring are
markedly lengthened at about 187 pm, and the C-P-C and
P-N-C angles are widened (ca. 96 and 100.7(3)°, respectively);
this is similar to the situation in the uncoordinated 1-phos-
phanorborna-2,5-diene derivative 9 (P-C 186.9(4) and
186.9(3) pm; C-P-C 96.1(2) and P-C-C 97.6(2)° ). The
structure of complex 8 (Figure 3) displays notably narrow
endocyclic angles in the phosphirane ring system, a consid-
erably lengthened P—C8 bond (192.4(3) pm), and a P-W
bond considerably shorter than expected at 245.69(8) pm.['"]
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Figure 2. a) Molecular structure of complex 5 in the crystal. View direction
from ‘above’ onto the nitrogen atom. Ellipsoids represent 50 % probability
levels; H atoms are omitted for clarity. Selected bond lengths [pm] and
angles [°]: P-N 172.2(4), P- C6 187.3(5), P-C10 185.7(5), N-C8 148.1(6),
C6-C7133.4(7), C7T-C8156.1(7), C8—C9 155.2(7), C9-C10 133.3(7), W-
P 245.25(13); C6-P-C10 95.6(2), N-P-W 124.8(2), C10-P-W 120.3(2), C6-P-
W 128.6(2), C8-N-P 100.7(3). b) The hydrogen-bonded dimer of complex 5
in the crystal.

Figure 3. Molecular structure of complex 8 in the crystal. View direction
from ‘below’ onto the six-membered ring. Ellipsoids represent 50 %
probability levels; H atoms are omitted for clarity. Selected bond lengths
[pm] and angles [°]: P-C6 183.6(3), P—C7 183.0(3), C6—C7 155.9(3), P-
C8 192.4(3), C10-C11 133.6(4), P—W 245.69(8); C7-P-C6 50.34(11), Co-
C7-P 65.04(13), C6-C7-P 64.63(13), C6-P-C8 72.21(12).

Experimental Section

Preparation of complexes 5 and 8: 2H-azaphosphirene tungsten complex 1
(0.3 g, 0.5 mmol) and DMAD (0.5 mL, 0.6 mmol) were stirred for 25 min in
benzonitrile (3 mL; 5) or toluene (3 mL; 8) at 75°C. The solution was
concentrated to dryness in vacuo (ca. 0.01 mbar), and the residue subjected
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to low-temperature column chromatography on silica (—20°C, hexane/
diethyl ether 99/1). The eluents were concentrated to dryness in vacuo, and
the residues crystallized from pentane at —20°C. 5: Pale yellow crystals,
yield 0.18 g (51%), m.p. 128°C (decomp). 8: Pale yellow crystals, yield
0.25 g (81 %), m.p. 89°C (decomp).
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Synthesis and Crystal Structure of the
Bis(allyl)calcium Complex
[Ca{C;(SiMe;),Hs), - (thf),]**

Melanie J. Harvey, Timothy P. Hanusa,* and
Victor G. Young, Jr.

The cyclopentadienyl ring and its substituted derivatives
are the most frequently encountered ligands in organo-
calcium, -strontium, and -barium chemistry."? Alkaline-
earth metal complexes containing other carbanionic groups
(e.g., alkyls,>* indenyl,”! pentadienyl,l® or fluorenyl”) are
described, but as a class have received far less attention. The
allyl anion represents the simplest m-delocalized ligand, and
although some allylbarium compounds are known,®? the
allyl - (Ca,Sr,Ba) bond has never been structurally authenti-
cated. By applying the methods of steric stabilization that
allowed the isolation of a bis(pentadienyl)calcium com-
pound,®l we now describe the synthesis of the first crystallo-
graphically characterized bis(allyl)calcium complex.

In order to improve the solubility and crystallinity of the
final compound, we selected 1,3-bis(trimethylsilyl)propene as
the ligand precursor. This was converted into its lithium
salt,l'¥! and then transmetalated with KOsBu in hexane at
room temperature to yield K[C;(SiMe;),H;] in quantitative
yield. Reaction of slightly more than two equivalents of
K[C;5(SiMe;),H;] with Cal, in THF at —78°C produces the
colorless complex [Ca{C;(SiMe;),Hs},(thf),] in high yield. It
has good solubility in THF and aromatic hydrocarbons. The
'H NMR spectrum of the complex in [Dg]THF contains a
singlet for the trimethylsilyl protons, a doublet at 6 =2.98
(3J=16 Hz) corresponding to the protons on the carbon
atoms adjacent to the SiMe; groups, and a triplet at § =6.87
from the unique hydrogen atom on the center carbon atom.
The spectrum is invariant from room temperature to
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