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In the thermal activation of [Cp*P{W(CO)5}2] (1; Cp*� h1-
C5Me5), a Cp* migration from the P atom to the transition
metal atom occurs to form the highly reactive intermediate
[Cp*(CO)2W�P!W(CO)5] A.[1] The chemistry of this highly
reactive intermediate A offers promising synthetic routes to a
large variety of new phosphametallaheterocycles. Thus, the
trapping reaction of A with phosphaalkynes[1] and alkynes[2]

proceeds by formal [2�2] cycloaddition reactions to form
novel main group element transition metal cage compounds.
In continuation of these reactivity studies we attempted to
employ nitriles for trapping reactions of intermediate A.
Surprisingly, however, we observed insertion reactions into
the PÿC bond of the starting material.

Insertion reactions of organonitriles into metal ± hydrogen
and metal ± carbon bonds are established processes.[3] Fur-
thermore, it is known that nitriles insert into the MoÿCl bond
of MoCl5,[4] into the ZrÿO bond of [Cp*2 Zr�O],[5] and into
EÿN bonds (E�B,[6] Al,[7] P,[8] Pt[9]). Recently, Neumüller
et al. reported on CsX-catalyzed trimerization reactions of
acetonitrile with EMe3 (E� element of Group 13) under
elimination of CH4 and formation of [Me2E{HNC(Me)}2-

steric encumbrance at this site and the fact that an SN2-type
attack on the cyclopropyl carbon C(3) has to pass through a
highly strained transition structure.[15] The formation of
complex 20 from 18 also shows that the attack at least of
nitrogen nucleophiles on p-allylpalladium intermediates of
type 8 must be reversible.

In conclusion, this new three-component reaction bears a
significant combinatorial potential in that all three compo-
nents may be varied just as in the previously described domino
Heck ± Diels ± Alder sequence,[2] leading to a three-dimen-
sional library of small molecules.
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CCN] (E�Al,[10] Ga,[11] In[12]). However, in contrast, nitriles
insert into a PÿC bond only in the case of strained three-
membered rings of the 2H-azaphosphirene at higher temper-
atures as has been shown only recently by Streubel et al.[13]

We report herein on a smooth insertion of nitriles into the
unstrained PÿC bond of [Cp*P{W(CO)5}2] (1), which already
proceeds at ambient temperatures to give dihydro-1,3,2-
diazaphosphinine and benzo-1,2-azaphosphole derivatives.
The synthesis of the latter compound is accompanied by an
additional CÿH bond activation at room temperature and
offers a novel and straightforward synthetic approach to this
class of compounds.

Stirring the dark blue solution of 1 in toluene with an excess
of acetonitrile [Eq. (1)] results in a color change to red at
room temperature.[14] After workup and crystallization from

dichloromethane, the 1,2-dihydro-1,3,2-diazaphosphinine de-
rivative 2 was obtained as red crystals in 88 % yield. Complex
2 shows that two acetonitrile molecules have been inserted
into the PÿC bond of 1, under CÿC bond formation and
subsequent migration of the b-H atoms of one acetonitrile to
the N atoms. Thereby one molecule of acetonitrile loses two
hydrogen atoms of its methyl group. To check this hypothesis
of the 1,3-H shift of acetonitrile to the N atoms, reaction (1)
was carried out with CD3CN. Indeed, the obtained product 2 a
contains deuterium at the N atoms, which confirms the 1,3-D
shift.

To avoid the observed insertion reaction and to obtain a
[2�2] cycloaddition product from the intermediate
[Cp*(CO)2W�P!W(CO)5] A and the C�N triple bond of a
nitrile, we used exclusively organonitriles without b-hydrogen
atoms. However, when tBuC�N was used as the trapping
reagent in the thermolysis reaction, it was found not to react
with 1. No product, even an insertion or addition product,
could be detected by 31P{1H} NMR spectroscopy even after
refluxing in toluene for 48 h. However, the use of benzonitrile
in the reaction with 1 at ambient temperature[14] leads to a
dark red toluene solution which affords after workup dark red
crystals of 3,4-benzo-1H-1,2-azaphosphole 3 in 43 % yield
[Eq. (2) ]. The formation of the 3 indicates that after insertion
of the nitrile into the PÿC bond, a CÿH bond activation
occurs.

The synthesis of 1,3,2-diazaphosphinines[15] and benzo-1,2-
azaphospholes[16] is so far restricted to the use of dimethylti-
tanocene and diphenylzirconocene complexes. Thus, our
approach appears to provide an alternative synthesis for such
derivatives. Furthermore, it should be mentioned that alky-
lation of benzo-2H-1,2-azaphospholes was observed at the P
atom of the heterocycle[16] and 1,3,2-diazaphosphinines react
readily at room temperature with protic reagents to give 1,2-
dihydro-1,3,2-diazaphosphinines.[15] Complexes 2 and 3 are in
principle the betaine-type tautomers B and D of 1,2-dihydro-
1,3,2-diazaphosphinine A and benzo-2H-1,2-azaphosphole C,
respectively, stabilized by [W(CO)5] moieties at the P atoms.

Compounds 2 and 3 are red crystalline solids, readily
soluble in hexane, toluene, and CH2Cl2 and are stable in air for
a short period of time. The IR spectra of both compounds
display CO stretching frequencies for terminal CO ligands.
The mass spectra of 2 and 3 show the molecular ion peaks as
well as additional fragments revealing the subsequent loss of
CO.

The 31P NMR spectrum of 2 reveals a pseudotriplet
(doublet of doublets) at d� 176.2 with one pair of 183W
satellites, which are also split into pseudotriplets due to the
coupling of the phosphorus atom to the two almost identical
hydrogen atoms bound to the nitrogen atoms (2J(P,H)�
22 Hz). The coupling constant 1J(W,P) of 202 Hz is compara-
ble to those of other terminally bound [W(CO)5] groups.[17]

For 2 the existence of a methine proton at the C(13) atom is
confirmed by its 1H NMR spectrum as well as by a 13C{DEPT}
spectrum. Furthermore, for the D-containing complex
[Cp*CC(D)C(CD3)N(D)P{W(CO)5}2N(D)] 2 a, the 31P
NMR spectrum reveals only one singlet at d� 175.2 with a
1J(W,P) coupling of 201 Hz and the 1H NMR spectrum shows
only the protons of the Cp* group. The 31P{1H} NMR
spectrum of 3 reveals a singlet at d� 90.6 with a 1J(W,P)
coupling of 162 Hz. The coupling of the P atom to the NH
proton could not be resolved, even in the 1H NMR spectrum.

The X-ray crystal structure analysis of 2[18] (Figure 1)
reveals the six-membered ring of a 1,2-dihydro-1,3,2-diaza-
phosphinine derivative. Thus, the tetrahedrally coordinated
phosphorus atom is bent by 29.6 (2)8 out of the plane of the
remaining ring formed by the atoms N(1), C(11), C(13),
C(14), and N(2). The phosphorus atom is further connected to
two [W(CO)5] moieties. In comparison to the WÿP bond
lengths in the starting phosphinidene complex 1 (2.445(2),
2.428(2) �), which are indicative of multiple-bond character,
the WÿP bond lengths in 2 (2.5409(12), 2.5311(14) �) are
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Figure 1. Molecular structure of 2 in the crystal; thermal ellipsoids are
drawn at the 30% probability level (hydrogen atoms (except the NH
protons) are omitted for clarity); selected bond lengths [�] and angles [8]:
W(1)-P 2.5409(12), W(2)-P 2.5311(14), P-N(1) 1.763(4), P-N(2) 1.765(4),
N(1)-C(11) 1.331(6), N(2)-C(14) 1.342(6), C(11)-C(12) 1.495(6), C(11)-
C(13) 1.396(7), C(13)-C(14) 1.392(6); N(1)-P-N(2) 92.48(18), N(1)-P-W(2)
107.37(14), N(2)-P-W(2) 111.07(14), N(1)-P-W(1) 107.26(13), N(2)-P-W(1)
111.06(14), W(2)-P-W(1) 123.04(5), C(11)-N(1)-P 126.1(3), C(14)-N(2)-P
125.2(3), N(1)-C(11)-C(13) 121.4(4), N(1)-C(11)-C(12) 118.5(4), C(14)-
C(13)-C(11) 121.1(4), N(2)-C(14)-C(13) 121.4(4).

significantly longer. The slightly longer PÿN single bond
lengths in 2 are almost identical (1.763(4), 1.765(4) �) and are
in good agreement with the apical PÿN single bond length in
5,6-benzo-1,3-dimethyl-2-dimethylamino-8,8,9,9-tetrakis(tri-
fluoromethyl)-1,3-diaza-7,10-dioxa-2-l5-phosphaspiro[4,5]de-
can-4-one (1.767(2) �).[19] All other NÿC and CÿC bond
lengths of the six-membered ring of 2 are in good agreement
with those of cyclic conjugated ring systems.[20]

The X-ray crystal structure analysis of 3 (Figure 2)[18]

reveals a planar benzo-1H-1,2-azaphosphole derivative, in
which the phosphorus atom is coordinated by two [W(CO)5]

Figure 2. Molecular structure of 3 in the crystal; thermal ellipsoids are
drawn at the 30% probability level (hydrogen atoms (except the NH
protons) are omitted for clarity); selected bond lengths [�] and angles [8]:
W(1)-P 2.5494(17), W(2)-P 2.5396(18), P-N 1.775(5), P-C(13) 1.802(6),
N-C(11) 1.311(7), C(11)-C(12) 1.467(7), C(12)-C(13) 1.398(8), C(13)-C(14)
1.400(8), C(14)-C(15) 1.375(9), C(15)-C(16) 1.379(10), C(16)-C(17)
1.373(8), C(12)-C(17) 1.415(8); N-P-C(13) 86.4(2), N-P-W(2) 107.68(17),
C(13)-P-W(2) 108.63(19), N-P-W(1) 108.39(16), C(13)-P-W(1) 107.05(19),
W(2)-P-W(1) 130.02(6), C(11)-N-P 118.3(4), N-C(11)-C(12) 110.7(5),
C(13)-C(12)-C(11) 111.7(5), C(12)-C(13)-P 112.9(4), C(14)-C(13)-C(11)
121.1(4), N(2)-C(14)-C(13) 121.4(4).

moieties in a distorted tetrahedral geometry. The W(1)ÿP
(2.5494(17) �) and W(2)ÿP bond lengths (2.5396(18) �) are
comparable to the WÿP bond lengths in complex 2. The PÿN
(1.775(5) �) bond length corresponds to a PÿN single bond,
whereas the NÿC(11) bond length (1.311(7) �) corresponds
to a NÿC double bond. All other CÿC distances are in good
agreement with those of cyclic conjugated benzo-1,2-aza-
phosphole systems.

To shed light onto the pathway of the insertion, we carried
out reaction (1) with the starting materials in a 1:1 ratio at
room temperature. Even after 48 h, there was no change of
color, and no additional signal was observed in the 31P NMR
spectrum. Titration of the solution with additional CH3CN to
a 1:CH3CN ratio of 1:1.4 led to color change, which was
accompanied by the appearance of an additional signal at d�
119.3 in the 31P NMR spectrum. Unfortunately it was not
possible to isolate any compound from this solution. This
signal disappears when the color of the solution turns to red at
a 1:CH3CN ratio of 1:5. For the transient 31P NMR signal, we
propose the formation of an adduct of the formula
[Cp*P{W(CO)5}2(NCMe)], since it is known that phosphini-
dene complexes [RP{W(CO)5}2] behave as Lewis acids. Owing
to the electron deficiency at the phosphorus atom, Lewis
bases can add at the central P atom leading to complexes with
a tetrahedrally coordinated phosphorus atom.[21] Such initially
formed compounds seem to be plausible for reactions (1) and
(2), a subsequent insertion reaction into the PÿC s-bond gives
the formed products. While for reaction (2) a CÿH bond
activation occurs to form the benzo-1H-1,2-azaphosphole
derivative, for reaction (1) presumably a second molecule of
acetonitrile is subsequently added followed by a cyclization
reaction under migration of two protons of the methyl group
of the Cp*-substituted MeCN unit.

The reported insertion of nitriles into the CÿP bond of the
phosphinidene complex 1 is a novel reaction pattern for this
compound. Besides the formation of the intermediate
[Cp*(CO)2W�P!W(CO)5] A containing a WÿP triple
bond,[1, 2] and a Cp* elimination,[22] also an insertion reaction
into the unstrained PÿC s bond of 1 proceeds under very mild
conditions. With benzonitrile as a reaction component an
additional CÿH bond activation occurs. The described reac-
tion provides a straightforward route for the synthesis of novel
phosphorus heterocycles.

Experimental Section

2 : MeÿC�N (0.780 g, 0.019 mol) was added to a solution of 1[23] (0.630 g,
0.77 mmol) in toluene (40 mL) and stirred for two hours at room
temperature (or refluxed for one hour). The solvent was completely
removed in vacuo and the resulting residue was dissolved in dichloro-
methane (5 mL). Red crystals of 2 (0.609 g, 0.68 mmol, 88%) were
obtained at ÿ25 8C. 31P{1H} NMR (101.256 MHz, [D6]benzene, 298 K,
85% H3PO4 ext.): d� 176.2 (t, 1J(P,H)� 22, 1J(W,P)� 202 Hz); 1H NMR
(250.113 MHz, [D6]benzene, 298 K, TMS): d� 4.88 (br, 1 H; NH), 4.26 (br,
1H; NH), 1.58 (s, 6H; CH3(Cp*)), 1.51 (s, 6 H; CH3(Cp*)), 0.98 (s, 3H;
CH3), 0.84 (s, 3 H; CH3), 0.31 (s, 1 H; CH); IR (KBr): nÄ � 2075 (s), 2050 (s),
1990 (sh), 1920 (br) (4� n(CO)), 1544 cmÿ1 (w) (d(NH)); MS (EI): m/z
(%): 896 (27) [M�], 868 (17) [M�ÿCO], 812 (28) [M�ÿ 3CO], 728 (26)
[M�ÿ 6CO], 672 (29) [M�ÿ 8CO], 616 (100) [M�ÿ 10CO], 571 (25)
[M�ÿ (CO)10(CH3)3]; elemental analysis (%) calcd for C24H21N2O10PW2

(896.11): C 32.17, H 2.36, N 3.13; found: C 31.86, H 3.01, N 2.81.
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2a : The corresponding reaction of 1 (0.104 g, 0.13 mmol) with CD3C�N
(1.0 mmol) in toluene (40 mL) at room temperature led after stirring for 2 h
to a red solution of 2 a. After complete removal of the solvent, the residue
was recrystallized from dichloromethane to give 2a (0.100 g, 0.11 mmol,
85%) at ÿ25 8C. 31P{1H} NMR (101.256 MHz, [D6]benzene, 298 K, 85%
H3PO4 ext.): d� 175.2 (s, 1J(W,P)� 201 Hz); 1H NMR (250.113 MHz,
[D6]benzene, 298 K, TMS): d� 1.58 (s, 6H; CH3(Cp*)), 1.51 (s, 6H;
CH3(Cp*)), 0.98 (s, 3H; CH3(Cp*)).

3 : PhC�N (0.028 g, 0.27 mmol) was added to a solution of 1 (0.20 g,
0.25 mmol) in toluene (40 mL) and stirred for 2 h at room temperature (or
refluxed for one hour). The solvent of the orange-colored solution was
completely removed in vacuo and the resulting residue was extracted with
n-pentane to give red crystals of 3 (0.099 g, 0.108 mmol, 43%) at ÿ25 8C.
31P{1H} NMR (101.256 MHz, [D6]benzene, 298 K, 85% H3PO4 ext.): d�
90.6 (s, 1J(W,P)� 162 Hz); 1H NMR (250.113 MHz, [D6]benzene, 298 K,
TMS): d� 7.92 ± 6.65 (aromatic protons), 3.55 (s, 1 H; NH), 1.50 (s, 6H;
CH3(Cp*)), 1.48 (s, 6 H; CH3(Cp*)), 1.15 (s, 3H; CH3(Cp*)); IR (KBr): nÄ �
1985 (w), 1980 (w), 1965 (sh), 1910 cmÿ1 (br) (4� n(CO)); MS (EI): m/z
(%): 917 (6) [M�], 889 (10) [M�ÿCO], 861 (10) [M�ÿ 2 CO]; elemental
analysis (%) calcd for C27H20NO10PW2 (917.13): C 35.36, H 2.20, N 1.53;
found: C 35.39, H 2.29, N 1.58.
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