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The preparation, NMR data, a crystal structure, and the reactivity of isolable 2-lithio-1,3-
benzazaphospholes are described. The compounds are or belong to the most stable PdCLi
species, although they lack steric congestion. Reactions with organoelement or organometal
halides W(CO)6 as well as with CO2 or benzophenone allow access to various novel
functionally substituted 1,3-benzazaphospholes (2-R ) SnMe3, Fe(CO)2Cp, C[dW(CO)5]OLi-
(THF)3, CPh2OH, PPh2, P(O)Ph2). The crystal structure of the tungsten-carbene derivative
is described. Attempts to lithiate and functionalize a 1,3-benzazaphosphole P-W(CO)5

complex failed, but reactions of 1-methyl-2-stannyl- and 1-methyl-2-phosphino-1,3-benzaza-
phosphole with W(CO)5(THF) furnished examples for a 2-metalated benzazaphosphole
P-W(CO)5 complex and the preferred complexation of the phosphino substituent, respec-
tively. The considerable upfield shifts of the 31P NMR signals after complexation of the low-
coordinated phosphorus atom by W(CO)5 attest that the ligands are stronger acceptors than
donors.

Introduction

R-Lithiated aromatic heterocycles1 are, like aryl-
lithium compounds, important building blocks for syn-
theses, but are frequently different from the latter with
respect to structure and bonding due to the influence
of the heteroatoms2 or, especially in 2-lithio-1,3-hetero-
azoles, due to a ring-opening equilibrium underlining
their proximity to carbenoids.3 Whereas the 2-lithio-1-
methylindole THF solvate I forms a dimer with lithium
bound only to the anionic carbon atom,4 the related
dimer 2-lithiobenzofurane iPr2O solvate II is distin-
guished by the coordination of lithium to the anionic
carbon atom as well as to oxygen.5 Comparative struc-
ture investigations on 2-lithio-1,3-heteroazoles from
Boche et al.6 show rearrangement of 2-lithio-1,3-benz-

oxazoles to o-isonitrile-substituted phenolates,6a while
corresponding 2-lithio derivatives of benzothiazoles and
benzimidazoles preferably (but depending on substitu-
ents) and of thiazoles and imidazoles exclusively are
present in the cyclic form.6c The cyclic isomers differ in
their structure from simple lithium aryls as well as from
I. As shown recently by crystal structure analyses, in
“2”-lithiated dimer N-methyl imidazole III and thiazole
IV lithium is bonded to nitrogen rather than to C-2,
which coordinates also to the lithium atom of the
neighboring molecule.6a,b Thus, the structure resembles
that of the dimer diamino carbene LiO-aryl complex V.7
In this context the smooth lithiation of N-methyl-1,3-
benzazaphosphole 1a8 and the quite high stability of
solutions of 2-lithio-N-methyl-1,3-benzazaphosphole 2a,
a phosphorus homologue of 2-lithiated N-alkyl-benzimi-
dazoles or a PfC analogue9 of 2-lithiated N-alkylin-
doles, raised the question of the structural features of
2a, particularly since other PdCLi derivatives such as
lithiated phosphabenzenes10 or acyclic aryl-PdC(X)Li
derivatives11 are known to decompose even at low
temperatures (ca. -90 and -50 °C, respectively). Only
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RPdC(Li)Mes* derivatives,12 protected by steric conges-
tion at carbon, could be characterized at room temper-
ature (by 31P NMR measurements). The unexpected
formation and high persistence of 2a as compared to
2-lithiophosphabenzene might be attributed to the π-
donor ability of nitrogen and an increase of the electron
density at phosphorus (N-CdP T N+dC-P-) in the
aromatic 1H-1,3-benzazaphospholes,13 which hinders the
addition of Rδ-Liδ+ at the PdC bond and in turn might
induce interactions between phosphorus and lithium.
Lithio-1-methyl-1,2,4-diazaphosphole, characterized by
methylation and stannylation at low temperature,14

belongs to the same type of π-excess heteroaromatics
and may similarly be stabilized. Recent ab initio calcu-
lations on various nonsolvated monomeric lithio-1,3-
azaphospholes revealed only one minimum structure for
the 2-lithio-1H-1,3-azaphosphole with lithium in the
ring plane but somewhat distorted toward phosphorus.15

Calculations on lithiated benzazaphospholes could not
be done at this level.

To better understand the nature of 2-lithio-1,3-
benzazaphospholes, to indicate prerequisites and de-
mands on the design of stable PdCLi compounds, and
to explore the synthetic potential, an earlier preliminary
study was continued. This paper reports on the struc-
ture of isolated 2-lithio-1,3-benzazaphospholes and their
reactions with metallic and nonmetallic electrophiles.

Results and Discussion

Synthesis and Structure of 2-Lithio-1,3-benzaza-
phospholes. The lithiation of 1-methyl- and 1-ethyl-1,3-

benzazaphosphole 1a,b with tert-butyllithium in ether
at -70 °C (Scheme 1) affords with high regioselectivity
the 2-lithio derivatives 2a,b. Only traces of the corre-
sponding 1,2-addition products of tBuLi to the PdC
bond (δ31P -61.4) were observed. By quenching 2a with
CD3OD to give 3 the yield was determined to be about
85%. 2a,b are isolated as orange-yellow powders. The
compounds are more stable in the solid state than in
solution, but even the latter can be stored without
marked decomposition for several hours up to 1 day at
room temperature and for several weeks at -20 °C.
Single crystals of the dimer 2a‚2THF were grown from
THF/hexane at -30 °C. The structure elucidation is
based on multinuclear NMR data and on the results of
a X-ray structure determination of 2a‚2THF.

The 1H NMR spectra of 2a and 2b are in accordance
with lithiation in position 2. The characteristic down-
field doublets for H-2 (2JPH ≈ 38 Hz) disappear while
the multiplets for H-4 to H-7 remain present. The
downfield resonance of the NCH3 and NCH2 protons
attributed to the ring current within the benzazaphos-
phole 10π-system is little affected. Marked changes are
observed in the 13C NMR spectra. The C-2 nuclei of 2a,b
are strongly deshielded (δ ) 249.5 and 248.7, respec-
tively), much more than those in the ring-closed forms
of related 2-lithiated N-methylindole I, N-methylbenz-
imidazole, or benzothiazole (δ ) 200, 216, and 221,
respectively),6c in the amidocarbene-like “2”-lithio-
imidazole and -thiazole III and IV (δ ) 195 and 215,
respectively)6a,b and even in benzimidazolin-2-ylidenes
(δ ) 232),16 but less than the carbenoid C atom in VI (δ
) 257.4)11e or C-2 in 2-lithio-N-methyl-1,3-benzazarsole
(δ ) 275).17 In analogy with the effect in phenyllithium18

(∆δ ) 58) the observed low-field shift of the NMR signal
of C-2 can be brought into agreement with a polarization
and shift of the π-charge density that increases consid-
erably with increasing size of the adjacent heteroatoms
(∆δ N < C < S < P < As) and reaches ∆δ ) 87-88 in
2a,b and ∆δ ) 98 in the As compound, respectively. As
with VI the decreased π-density at C-2 on lithiation
causes a strong increase of the 1JPC2 coupling constants
(∆1JPC2 ≈ 56 Hz). Like C-2, phosphorus is deshielded,
but to a smaller extent (∆δ ) 31). For the other carbon
nuclei of the azaphosphole ring the deshielding and the
increase of P,C coupling constants are much smaller
(∆δC-3a,C-7a 7.3, 5.5; ∆JPC3a,PC7a,NCH3 ) 21.0, 2.4, 4.6 Hz).
The other carbon nuclei of the benzene ring exhibit the
opposite effect, a small shielding (∆δ ) -3.7 to -7.3)
and a decrease of the P,C coupling constants by 40-
50% is observed, indicating a transfer of π-charge

(11) For example: (a) Appel, R.; Lasser, C.; Immenkeppel, M.
Tetrahedron Lett. 1985, 26, 3551. (b) Niecke, E.; Fuchs, A.; Nieger,
M.; Schoeller, W. W. Angew. Chem., Int. Ed. Engl. 1995, 34, 555. (c)
van der Sluis, M.; Wit, J. B. M.; Bickelhaupt, F. Organometallics 1996,
15, 174. (d) Ramdane, H.; Ranaivonjatovo, H.; Escudie, J.; Knouzi, N.
Organometallics 1996, 15, 2683. (e) Niecke, E.; Nieger, M.; Schmidt,
O.; Gudat, D.; Schoeller, W. W. J. Am. Chem. Soc. 1999, 121, 519.
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(13) (a) Nyulászi, L.; Csonka, G.; Réffy, J.; Veszprémi, T.; Heinicke,
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Réffy, J. J. Phys. Chem. 1993, 97, 4011. (c) Nyulászi, L.; Veszprémi,
T. J. Mol. Struct. 1995, 347, 57.
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M. F.; Schleyer, P. v. R. J. Chem. Soc., Chem. Commun. 1999, 755.
(b) Hahn, F. E.; Wittenbecher, L.; Boese, R.; Bläser, D. Chem. Eur. J.
1999, 5, 1931.
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1983, 258, 257.
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66, 308.
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density into the benzene ring. The position of lithium
cannot be derived from the NMR data since the polar-
ization effects can be caused by a strongly polar lithium
compound as well as a σ-electron lone pair at C-2 of a
solvated anion in solution. A splitting of the 6Li signal
was not observed on cooling to -60 °C.

The X-ray single-crystal structure investigation of 2a‚
2THF (Figure 1, Table 1) shows that in the solid state
the lithium is bonded to C-16, forming dimers with a
planar Li2C2 four-membered ring (Li-C16-Li′ 70.2(2)°,
C16-Li-C16′ 109.8 (2)°). The Li-C bond distances of
2.209(5) and 2.273(4) Å correspond better to those in I
(2.209, 2.269 Å4) than to those in III (2.31 Å6a) and IV
(2.176 Å6b). The P-Li distances (P‚‚‚Li′, 3.196; P‚‚‚Li,
3.443 Å) are nonbonding and remarkably longer than
P-Li bond lengths in comparably solvated lithium
arylphosphides (2.60-2.65 Å)19 or intramolecular phos-
phine-coordinated aryllithium compounds (2.60-2.77
Å).20 Thus 2a‚2THF differs clearly from the N-lithiated
1,3-heteroazoles III and IV and is similar to I.4 How-
ever, weak interactions of lithium with the low-
coordinated phosphorus may be possible, as indicated
by the significantly shorter P‚‚‚Li distances (3.196 Å)
compared to the van der Waals distance (3.65 Å21).
Additionally the angle between the plane of the C2Li2
ring and the plane of the benzazaphosphole ring (aver-
age deviation from the best plane 0.0028 Å) is 83°.
Finally it should be mentioned that the lithiation causes

a decrease of the angle P-C16-N in 2a‚2THF compared
to that in the unsubstituted 1H-1,3-benzazaphosphole
(115.7(7)°)22 by 6.2°, which is similar to the lithiation-
induced increase of the N-C-N angle in III(Li/H)6a by
6.6-6.9° and of the N-C-S angle in IV(Li/H)6b by 7.0/
7.2° and underlines the electronic relationship of the
five-membered benzazoles I, 2a, III, and IV.

Reactivity of 2. Due to electron lone pairs at carbon
and phosphorus, the anions of 2-lithio-1,3-benzazaphos-
pholes 2 may be regarded as ambident nucleophiles.
While 1-lithio-1,3-benzazaphospholes23,24 with electron
lone pairs at nitrogen and phosphorus behave ambident
and can be attacked by suitable electrophiles either at
nitrogen or at phosphorus, 2a was found to react with
electrophiles with strong preference or even exclusively
at the anionic carbon atom (Scheme 2). The reactivity
toward methyl iodide, which often prefers reaction at
phosphorus, is low and did not result in a defined
product, but with more polar organoelement or organo-
metallic halides 2a undergoes rapid substitution. Me3-
SiCl8 as well as the softer organo main group or
transition metal halides Me3SnCl and CpFe(CO)2I give
regiospecifically the corresponding 2-substituted 1,3-
benzazaphosphole derivatives 4-6. The structure is
evident from NMR spectra, particularly from the
2J(31P,117/119Sn) and 1J(13C,117/119Sn) coupling constants
in the trimethyltin compound 5 and from the 13C
chemical shifts and P,C coupling constants typical for
the 1H-1,3-benzazaphosphole skeleton and with the
characteristic metalation effects on δ13C and J(P,C) for
C-2 and C-3a. The deshielding as well as the P,C
coupling constants increase with increasing ionic char-
acter of the bond to the substituent at C2 in the order
1a < 4 < 5 < 6 < 2a, strongly for C-2 (δ ) 162.5, 179.4,
179.6, 190.1, 249.5; 1JPC ) 53.4, 74.2, 83.9, 94.4, 109.4
Hz, respectively). The same trend, but less pronounced,
is observed for C-3a as well.

The enormous potential of organolithium reagents in
syntheses and the resistance of the PdC bond in most
1,3-benzazaphospholes toward addition reactions24,25

allow the introduction of a large variety of functional
groups in the 2-position. This is illustrated by some
examples in Scheme 2. The cleavage of MeSSMe by 2a

(19) For example: Bartlett, R. A.; Olmstead, M. M.; Power, P. P.
Inorg. Chem. 1986, 25, 1243.

(20) For example: Pape, A.; Lutz, M.; Müller, G. Angew. Chem., Int.
Ed. Engl. 1994, 33, 2281.

(21) Bondi, A. J. Phys. Chem. 1964, 68, 441.

(22) Becker, G.; Massa, W.; Mundt, O.; Schmidt, R. E.; Witthauer,
C. Z. Anorg. Allg. Chem. 1986, 540/541, 336.

(23) Issleib, K.; Vollmer, R. Z. Allg. Anorg. Chem. 1981, 481, 22.
(24) Heinicke, J.; Surana, A.; Singh, S.; Bansal, R. K.; Peulecke, N.;

Spannenberg, A. J. Organomet. Chem., in press.
(25) Bansal, R. K.; Heinicke, J. Chem. Rev. 2001, 101, 3549.

Figure 1. Molecular structure of 2a‚2THF in the crystal
(thermal ellipsoids at 30% probability).

Table 1. Selected Distances (Å) and Angles (deg)
for 2a‚2THF
Bond Distances

P-C2 1.789(3) C16-Li 2.209(5)
P-C16 1.731(9) C16-Li′ 2.273(4)
N-C1 1.388(3) P‚‚‚Li 3.443
N-C16 1.383(3) P‚‚‚Li′ 3.196

Bond Angles
C16-P-C2 92.26(11) P-C16-Li 121.3(2)
C16-N-C1 116.7(2) P-C16-Li′ 105.1(2)
P-C16-N 109.5(2) Li-C16-Li′ 70.2(2)
P-C2-C1 109.5(2) C16-Li-C16′ 109.8 (2)
N-C1-C2 112.0(2) O1-Li-O2 98.0(2)

Scheme 2
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affords the methylthio derivative 7.17 A phosphino or a
phosphoryl group is introduced by reaction of 2a with
ClPPh2 or ClP(O)Ph2 to give 8 and 9, respectively. The
addition of 2a to carbonyl compounds such as benzo-
phenone, CO2, or tungsten hexacarbonyl yields the di-
phenylcarbinol derivative 10, the carboxylic acid 11,8
and the benzazaphospholyl(lithiumoxy)carbene penta-
carbonyl tungsten complex 12‚3THF, respectively. The
lithium salts resulting in the addition reactions are
usually worked up by addition of Me3SiCl and methanoly-
sis or hydrolysis after removal of LiCl and the excess of
chlorosilane. Treatment of the crude addition product
of 2a and W(CO)6 with Me3SiCl furnishes a red solution,
from which, however, only 12‚3THF and an ill-defined
red oil can be isolated. 12‚3THF is characterized by an
X-ray single-crystal structure determination (Figure 2,
Table 2). It crystallizes in the space group P1h with two
molecules in the unit cell. The benzazaphosphole ring
is planar, and the P,C und N,C distances within the
azaphosphole ring (P-C7 1.728(18) Å, P-C14 1.786(11)
Å, N-C7 1.354(10) Å, N-C9 1.389(10) Å) are similar
to those in 2a‚2THF and in the unsubstituted 1H-1,3-
benzazaphosphole,22 indicating a delocalized aromatic
π-system. The tungsten carbon distance W-C6 to the
carbene C atom of 2.206(12) Å falls into the same range
as those observed for neutral tungsten carbonyl carbene

complexes of the Fischer type;26 the tungsten carbon
distances to the carbonyl C atoms (W-C3 2.019(13),
W-Ccis 2.033-2.047 Å) are considerably shorter. The
coordination around the lithium and the tungsten atom
is tetrahedral and octahedral, respectively. The coordi-
nation around the carbene carbon atom C6 is trigonal
planar; this plane (including in addition to C6 also O6,
C7, and W) is nearly perpendicular to the plane of the
benzazaphosphole ring (dihedral angles P-C7-C6-O6
109.5(5)°, P-C7-C6-W 73.9(5)°, N-C7-C6-O6 71.0(7)°,
N-C7-C6-W 106.6(5)°). This indicates that there is
almost no conjugative interaction between the π-system
of the benzazaphosphole ring and that of the carbene
unit, which is supported also by the distance between
C6 and C7 of 1.523(14) Å, corresponding to a C,C single
bond. The question, if replacement of lithium by low-
valent transition metals may allow coordination at
phosphorus and formation of chelate complexes, remains
to be studied.

Also 7-11 and related compounds may be regarded
as potentially hybrid or chelate ligands with a low-
coordinated phosphorus and a classical donor group.
Although some chelate complexes of pyridylphospha-
alkenes,27 functional substituted phosphaferrocenes,9,28

or four-membered chelate rings of 1-aza-3-phosphaallyl
anions29 are known, such species have received very
limited attention compared to those with functionally
substituted phosphines. The properties of such ligands
will differ considerably from those of analogously func-
tionalized phosphines. Although detailed complex chemi-
cal studies have not yet been carried out, this became
evident by the different catalytic behavior of nickel com-
plexes prepared in situ from Ni(COD)2 and phosphino-
acetic acid, phosphinobenzoic acid,30 or 2-phosphino-
phenols31 on the one side and 10 or 11 on the other
side. While the former catalyze the oligomerization or
polymerization of ethene, the latter are completely
inactive under analogous conditions. This may be
due to the lower basicity and dominance of acceptor
properties of ligands with two-coordinated phosphorus
as well as a lower stability of P,O-chelate complexes
with such substructures. The particular ligand proper-
ties of 1,3-benzazaphospholes in the W(CO)5 complex
13, obtained from 1a and W(CO)5(THF), are character-
ized by a strong upfield complexation shift (∆δ ) -45.7)
in comparison with downfield complexation shifts of

(26) (a) Fischer, E. O.; Maasböl, A. Angew. Chem. 1964, 76, 645. (b)
Fischer, E. O.; Maasböl, A. Chem. Ber. 1967, 100, 2445. (c) Kirtley, S.
W. In Comprehensive Organometallic Chemistry; Wilkinson, G., Stone,
F. G. A., Abel, E. W., Eds.; Pergamon: Oxford, 1982; Vol. 3, p 1255.

(27) (a) Van der Sluis, M.; Beverwijk, V.; Termaten, A.; Bickelhaupt,
F.; Kooijman, H.; Spek, A. L. Organometallics 1999, 18, 1402. (b) Van
der Sluis, M.; Klootwijk, A.; Wit, J. B. M.; Bickelhaupt, F.; Veldman,
N.; Spek, A. L.; Jolly, P. W. J. Organomet. Chem. 1997, 529, 107.

(28) (a) Ganter, C.; Brassat, L.; Glinsböckel, C.; Ganter, B. Organo-
metallics 1997, 16, 2862. (b) Ganter, C.; Brassat, L.; Ganter, B. Chem.
Ber./Recl. 1997, 130, 1771. (c) Ganter, C.; Glinsböckel, C.; Ganter, B.
Eur. J. Inorg. Chem. 1998, 1163. (d) Brassat, L.; Ganter, C.; Ganter,
B. Chem. Eur. J. 1998, 4, 2148. (e) Ganter, C.; Kaulen, C.; Englert, U.
Organometallics 1999, 18, 5444. (f) Kaulen, C.; Pala, C.; Hu, C.; Ganter,
C. Organometallics 2001, 20, 1614.

(29) (a) Westerhausen, M.; Digeser, M. H.; Schwarz, W. Inorg. Chem.
1997, 36, 521. (b) Westerhausen, M.; Digeser, M. H.; Schwarz, W. Z.
Anorg. Allg. Chem. 1997, 623, 1237.

(30) (a) Keim, W. Angew. Chem., Int. Ed. Engl. 1990, 29, 235. (b)
Keim, W. New J. Chem. 1994, 18, 93.

(31) (a) Heinicke, J.; Koesling, M.; Brüll, R.; Keim, W.; Pritzkow,
H. Eur. J. Inorg. Chem. 2000, 299. (b) Heinicke, J.; He, M.; Dal, A.;
Klein, H.-F.; Hetche, O.; Keim, W.; Flörke, U.; Haupt, H.-J. Eur. J.
Inorg. Chem. 2000, 431. (c) Köhler, M. Ph.D. Thesis, Aachen, 2000.

Figure 2. Molecular structure of 12‚3THF in the crystal
(thermal ellipsoids at 50% probability).

Table 2. Selected Bond Lengths (Å) and Angles
(deg) for 12‚3THF

Bond Distances
P-C14 1.786(11) W-C1 2.047(14)
P-C7 1.728(18) W-C2 2.036(19)
N-C9 1.389(14) W-C3 2.019(13)
N-C7 1.354(10) W-C4 2.033(12)
C6-C7 1.523(14) W-C5 2.041(19)
C6-W 2.206(12) Li-O6 1.880(15)
C6-O6 1.261(9) Li-O(THF) 1.921(17)-1.938(24)

Bond Angles
C7-P-C14 88.22(25) P-C7-C6 124.60(36)
C7-N-C9 113.17(45) N-C7-C6 120.57(47)
P-C7-N 114.84(36) C7-C6-O6 112.84(43)
P-C14-C9 111.66(40) C7-C6-W 120.38(41)
N-C9-C14 112.01(42) O6-C6-W 126.68(43)
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R3PW(CO)5 complexes (R ) alkyl, phenyl) while
the 1J(183W,31P) coupling constants remain similar.32

The stability of complexes with two-coordinated phos-
phorus is lower compared to that of common phosphino
complexes also in the case of metal(0) compounds, as
demonstrated by the formation of 14 from 8 and W(CO)5-
(THF). An analogous behavior was reported for 2-di-
phenylphosphino-5-methylphosphabenzene.10a The pre-
ferred coordination at the diphenylphosphino group is
detected by its downfield 31P coordination shift (∆δ )
26.8) and particularly by the 183W satellite signals in
the 31P NMR spectrum with 1J(183W,31P) ) 246 Hz. The
two-coordinated phosphorus becomes similarly deshield-
ed in this case, and the magnitude of the 2J(31P,31P)
coupling constant is significantly enlarged by the changed
hybridization of the coordinated phosphorus atom.

Attempts to generate a defined lithium compound
from 13 and tBuLi at -70 °C failed. Neither subsequent
addition of Me3SiCl nor metalation in the presence of
Me3SiCl to trap instable intermediately formed lithium
reagents as applicable in the case of 2-lithio-phospha-
benzene-W(CO)5 complexes10 gave the expected tri-
methylsilyl compound. This indicates a destabilization
of 1,3-benzazaphospholes with (organo)metallic substit-
uents in the 2-position by complexation at phosphorus.
The same effect, but to a much smaller degree, is
observed for the 2-trimethylstannyl-1,3-benzazaphos-
phole tungsten pentacarbonyl complex 15 formed from
5 and W(CO)5(THF). Repeated crystallization of crude
15 from hot hexane led to partial decomposition and
increasing contamination by the Sn-C cleavage product
13. 15 was thus not isolated as a pure compound, but it
was unambiguously identified in a mixture with 13
(ratio ca. 75:25%) by its characteristic 13C, 31P, and 119Sn
NMR data. Like in 13, the complexation induces a
considerable upfield coordination shift (∆δ ) -46.8).
The 1J(31P,13C) coupling constant, however, decreases
much more (∆J ) -54.5 Hz) than that in 13 (∆J )
-26.5 Hz). On the other hand the magnitude of the
2J(119Sn,31P) coupling constant significantly decreases
by complexation of 5.

Conclusions
1-Alkyl-1,3-benzazaphospholes 1 can be lithiated in

the 2-position by tBuLi at low temperature. The result-
ing lithium compounds 2 can be isolated at room tem-
perature and are or belong to the most stable PdCLi
derivatives. This may be attributed to the π-donor effect
of nitrogen, which increases the electron density at
phosphorus and lowers the polarity of the PdC bond,
thus preventing addition of RLi to this bond. Hence the
reactivity of 2 is reduced by the effective repulsion of
π-density which exceeds that in PhLi, as seen by the
much stronger deshielding of C-2. Phosphorus is deshield-

ed by this effect as well. The reduced negative charge
and the lower electronegativity of P explain the weak
or negligible interactions between lithium and phos-
phorus, the lack of nucleophilic reactivity at phosphorus,
and the similarity to the carbon analogues 2-lithio-
indoles. The stability of 2 and the failure to detect a
2-lithiated benzazaphosphole W(CO)5 complex are in
contrast to the behavior of phosphabenzenes, where
PdC-Li reagents could be generated and trapped only
in the case of the transition metal complexes. This
difference may be explained in terms of a different
electronic situation. The increase of electron density at
the electron-deficient P atom in phosphabenzenes by
complexation, reflected in part by the complexation shift
(∆δ ≈ -23.910a), will decrease the PdC polarity and
raise the resistance toward addition reactions of RLi,
whereas the further increase of electron density by
complexation of the relatively π-electron rich P atom in
2 (in 1 ∆δ ≈ -46) creates probably a more polar PdC
bond with inverse polarity, which induces insufficient
kinetic stability. The lithium reagents 2 allow the
synthesis of a broad variety of functionally substituted
benzazaphospholes. Such benzazaphospholes with ad-
ditional donor centers are potential candidates for new
hybrid or chelate ligands with one low-coordinate phos-
phorus site besides a classical donor site.

Experimental Section

General Considerations. All reactions were performed
under an atmosphere of purified argon using standard Schlenk
techniques. THF, ether, hexane, and toluene were dried and
deoxygenated by refluxing and distilling from sodium/benzo-
phenone. 1-Methyl- and 1-ethyl-1,3-benzazaphosphole, 1a and
1b, were prepared as reported recently.8,33 Other reagents were
purchased and used as received. NMR spectra were recorded
on a multinuclear ARX300 (Bruker) FT NMR spectrometer at
300.1 (1H), 75.5 (13C), 121.5 (31P), 111.9 (119Sn), and 44.2 MHz
(6Li) and referenced to Me4Si, H3PO4 (85%), Me4Sn, and 1 M
LiCl in D2O, respectively, as external standards unless stated
otherwise. The numbering used for the assignment of the 1H
and 13C NMR data of the benzazaphosphole ring is identical
with that according to the nomenclature. Coupling constants
are quoted for JHH or JPC unless indicated otherwise. Mass
spectra were measured on a single focusing AMD40 (Intectra)
sector-field mass spectrometer. Elemental analyses were car-
ried out with handling of the samples in air under standard
conditions (carbon combustion sometimes incomplete) using
an LECO Model CHNS-932 elemental analyzer. Melting points
were determined in a sealed capillary and are uncorrected.
Procedures for the synthesis of 4 and 118 are given below; for
7 see ref 17.

1-Methyl-1,3-benzazaphosphol-2-yl-lithium(thf)2, 2a‚
2THF. A solution of 1a (374 mg, 2.5 mmol) in THF (10 mL)
was cooled to -70 °C, and tBuLi (1.5 mL, 1.65 M in pentane,
2.5 mmol) was added. After warming to room temperature (4
h) the orange solution was layered with hexane (5 mL). Single
crystals were obtained at -30 °C. 1H NMR (THF-d8, 25 °C):
δ 4.03 (s, 3H, NMe), 6.71 (t, 3J ≈ 6.9, 7.4 Hz, 1H, H-5), 6.84
(dd, 3J ≈ 6.9, 8 Hz, 1H, H-6), 7.31 (d, 3J ) 8.1 Hz, 1H, H-7),
7.70 (d, 3J ) 7.5 Hz, 1H, H-4). 13C NMR (THF-d8, 25 °C): δ
42.4 (d, 3J ) 8.5 Hz, NMe), 110.9 (C-7), 116.5 (d, 3J ) 6.2 Hz,
C-5), 119.0 (C-6), 126.4 (d, 2J ) 11.6 Hz, C-4), 148.6 (d, 2J )
8.4 Hz, C-7a), 150.4 (d, 1J ) 62.2 Hz, C-3a), 249.5 (d, 1J )
109.4 Hz, C-2). 31P NMR (THF-d8): 25 °C δ 105.2; -60 °C δ
102.4. Crystal structure, see Figure 1, Table 1.(32) Pregosin, P. S.; Kunz, R. W. 31P and 13C NMR of Transition

Metal Phosphine Complexes. In NMR: Basic Principles and Progress
Series; Diel, D., Fluck, E., Kosfeld, R., Eds.; Springer: Berlin, 1979;
pp 99, 126.

(33) Bansal, R. K.; Gupta, N.; Heinicke, J.; Nikonov, G. N.;
Saguitova, F.; Sharma, D. C. Synthesis 1999, 264.
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1-Ethyl-1,3-benzazaphosphol-2-yl-lithium, 2b. 1-Ethyl-
1,3-benzazaphosphole (127 mg, 0.8 mmol) dissolved in ether
was reacted with tBuLi (0.5 mL, 1.7 M in pentane, 0.85 mmol)
as above. Evaporation of ether in vacuo gave an orange powder,
which dissolved in THF-d8 with a dark orange-brown color.
1H NMR (THF-d8): δ 1.08 (t, 3J ) 7.0 Hz, 3H, CH3), 3.34 (q,
3J ) 7.0 Hz, 2H, NCH2), 6.69 (t, 3J ) 6.8, 7.5 Hz, 1H, H-5),
6.83 (t, 3J ) 6.8, 8.1 Hz, 1H, H-6), 7.35 (d, 3J ) 8.1 Hz, 1H,
H-7), 7.70 (d, 3J ) 7.5 Hz, 1H, H-4). 13C NMR (THF-d8): δ
15.9 (CH3), 49.9 (d, 3J ) 8.4 Hz, NCH2), 111.1 (C-7), 116.3 (d,
3J ) 6.2 Hz, C-5), 118.8 (C-6), 126.6 (d, 4J ) 11.8 Hz, C-4),
147.2 (d, 2J ) 8.6 Hz, C-7a), 150.8 (d, 1J ) 61.6 Hz, C-3a),
248.7 (d, 1J ) 108.7 Hz, C-2). 31P NMR (THF-d8): δ 104.7.

2-Deutero-1-methyl-1,3-benzazaphosphole, 3. A solution
of 1a (520 mg, 3.5 mmol) in ether (10 mL) was treated with
tBuLi (2.4 mL, l.65 M, 4.0 mmol) as described above and after
cooling to -70 °C quenched with CD3OD (0.18 mL, 4 mmol).
The solvent was removed in vacuo and the residue extracted
with hexane. Yield of 3 determined by NMR was ca. 85%. 1H
NMR (C6D6): δ 2.87 (d, 4J ) 0.9 Hz, 3H, NMe), 6.96 (dm, 3J )
8.3 Hz, 1H, H-7), 7.03 (tm, 3J ) 6.8, 4J ) 0.9 Hz, 1H, H-5),
7.15 (ddt, 3J ) 7.0, 8.3, 4J ≈ 5JPH ) 1.2 Hz, 1H, H-6), 8.05
(ddm, 3J ) 7.9, 3JPH ) 3.9 Hz, H-4). 13C NMR (C6D6): δ 34.9
(NMe), 112.2 (C-7), 118.8 (d, 3J ) 11.7 Hz, C-5), 123.2 (d, 4J )
2.26 Hz, C-6), 128.3 (d, 2J ) 21.1 Hz, C-4), 141.5 (d, 1J ) 41.1
Hz, C-3a), 141.7 (d, 2J ) 6.0 Hz, C-7a), 160.6 (dt, 1J ) 53.1
Hz, JCD ) 26.6 Hz, C-2). 31P NMR (C6D6): δ 72.8 (t, 2JPD ) 5.5
Hz). Unreacted 1a ca. 15%, 1H NMR: δ 7.82 (d, 1J ) 38.2 Hz,
H-2).

1-Methyl-2-trimethylsilyl-1,3-benzazaphosphole, 4. Chlo-
rotrimethylsilane (6.3 mL, 49.8 mmol) was added at -70 °C
to a solution of 2a, prepared as above from 1a (4.9 g, 33 mmol)
in ether (10 mL) and tBuLi (27.5 mL, 1.2 M, 33 mmol). The
mixture was stirred overnight at ambient temperature and
filtered. The solvent was removed in vacuo and the residue
distilled to give liquid 4 (5.8 g, 80%), bp 98-100 °C/0.01 Torr.
1H NMR (100 MHz, CDCl3, ref H2SO4 ext): δ 0.36 (s, 9H,
SiMe3), 3.88 (br, 3H, NMe), 6.90-7.44 (m, 3H, H-5, H-6, H-7),
7.92 (ddm, 3J ≈ 7.5, 3JPH ≈ 3 Hz, 1H, H-4). 13C NMR (50.3
MHz, C6D6): δ 0.89 (d, 3J ) 8.8 Hz, SiMe3), 36.9 (NMe), 113.0
(C-7), 120.0 (d, 3J ) 11.6 Hz, C-5), 125.3 (C-6), 129.1 (d, 2J )
19.0 Hz, C-4), 143.9 (d, 1J ) 44.8 Hz, C-3a), 147.8 (d, 2J ) 5.9
Hz, C-7a), 179.4 (d, 1J ) 74.2 Hz, C-2). 31P NMR (81 MHz,
C6D6): δ 120.5. Anal. Calcd for C11H16NPSi (221.31): P, 13.96.
Found: P, 14.25.

1-Methyl-2-trimethylstannyl-1,3-benzazaphosphole, 5.
Trimethyltin chloride (658 mg, 3.3 mmol) dissolved in ether
(10 mL) was added at -70 °C to a solution of 2a, prepared as
above from 1a (432 mg, 2,9 mmol) and tBuLi (2.0 mL, 1.65 M,
3.3 mmol) in ether. After 15 h at 20 °C the solution was
filtered, and the solvent was removed in vacuo. Distillation of
the residue afforded 5 (552 mg, 61%) as a light yellow oil, bp
100 °C/0.03 Torr. 1H NMR (C6D6): δ 0.32 (s sat, 2JHSn ) 54.2,
56.6 Hz, 9H, SnMe3), 3.23 (d, 4J ) 0.9 Hz, 3H, NMe), 7.09-
7.15 (m, 2H, H-5, H-7), 7.23 (tt, 3J ) 8.0, 6.8, 4J ≈ 5JPH ) 1.1
Hz, 1H, H-6), 8.15 (ddq, 3J ) 7.9, 3JPH ) 3.6, 4J ) 1.1, 5J ) 0.7
Hz, 1H, H-4). 13C NMR (C6D6): δ -9.1 (d sat, 3J ) 6.2, 1JSnC

) 338, 350 Hz, SnMe3), 36.8 (sat, 3JSnC ≈ 21 Hz, NMe), 111.3
(C-7), 118.4 (d, 3J ) 10.8 Hz, C-5), 123.0 (d, 4J ) 2.6 Hz, C-6),
127.6 (d, 2J ) 18.6 Hz, C-4), 143.7 (d, 1J ) 47.9 Hz, C-3a),
145.8 (d, 2J ) 2.3 Hz, C-7a), 179.6 (d, 1J ) 83.9 Hz, C-2). 31P
NMR (C6D6): δ 114.0 (sat, 2JPSn ) 210.2, 218.7 Hz). 119Sn NMR
(C6D6): δ -41.1 (d, 2JPSn ) 218.6 Hz). MS (EI, 70 eV): m/z (%)
313 (64) [M+ for 120Sn], 298 (100), 296 (77), 268 (52), 149 (26),
139 (12), 107 (49), 57 (12). Anal. Calcd for C11H16NPSn
(311.94): C, 42.35; H, 5.17; N, 4.49. Found: 43.43; H, 5.33; N,
4.48.

(1-Methyl-1,3-benzazaphosphol-2-yl)(η5-cyclopentadi-
enyl)dicarbonyliron, 6. 1a (426 mg, 2.8 mmol) was lithiated
with tBuLi (2.0 mL, 1.65 M, 3.3 mmol) as above and reacted
with CpFe(CO)2I (1.002 g, 3.3 mmol) dissolved in ether (10

mL) at -70 °C. After 15 h the solids were filtered off, and the
solvent was removed in vacuo. The red-brown residue was
extracted with benzene. The resulting oil, after adding hexane,
was chromatographed with toluene using silylated silica 60
(Merck). Removal of the solvent gave 350 mg (27% based on
6‚1/2LiI(THF)2) of an oil which precipitates as solid from THF
on adding hexane at -20 °C but melts at room temperature.
NMR spectra and elemental analyses fit with a composition
6‚1/2LiI(THF)2. 1H NMR (C6D6, toluene,hexane): 3.50 (s, 3H,
NMe), 4.05 (s, 5H, Cp), 6.99-7.16 (m, toluene, H-5 superim-
posed), 7.20 (t br, partially superimposed, H-6), 7.28 (d br, 3J
≈ 8 Hz, 1H, H-7), 8.06 (d m, 1H, H-4); (THF-d8): δ 4.05 (s,
3H, NMe), 5.13 (s, 5H, Cp), 6.89 (t, br, 1H, H-5), 7.01 (t br,
1H, H-6), 7.44 (d br, 3J ≈ 8 Hz, 1H, H-7), 7.61 (d br, 1H, H-4).
13C NMR (THF-d8): δ 40.6 (NMe), 88.0 (Cp), 112.1 (C-7), 118.9
(d, 3J ) 8.5 Hz, C-5), 121.4 (C-6), 124.9 (d, 2J ) 17.3 Hz, C-4),
148.4 (d, 1J ) 50.6 Hz, C-3a), 149.2 (C-7a), 190.1 (d, 1J ) 94.4
Hz, C-2), 215.7 (d, 3J ) 6.9 Hz, CO). 31P NMR: δ 110.8 (THF-
d8), 115.1 (C6D6). Anal. Calcd for C15H12FeNO2P‚1/2LiI(THF)2

(456.12): C, 50.03; H, 4.42; N, 3.07. Found: C, 48.99; H, 4.88;
N, 3.10.

1-Methyl-2-diphenylphosphino-1,3-benzazaphosphole,
8. Chlorodiphenylphosphine (0.73 mL, 4.0 mmol) was added
at -70 °C to a solution of 2a obtained from 1a (522 mg, 3.5
mmol) and tBuLi (2.4 mL, 1.7 M, 4.0 mmol) in ether (10 mL).
After stirring overnight the solvent was removed in vacuo, and
the viscous residue was distilled in high vacuum at ca. 200-
220 °C/4 × 10-6 Torr to yield 670 mg (57%) of 8 as a light
orange, very viscous oil. 1H NMR (C6D6): δ 3.32 (t, J+J′ ) 1.7
Hz, 3H, NMe), 6.90-7.20 (m, 7H and solvent), 7.48-7.60 (m,
5H, Ph), 7.85-8.00 (m, 2H, H-4, o-H). 13C NMR (C6D6): δ 35.1
(dd, 3J ) 19.4, 3J ) 3.8 Hz, NMe), 113.3 (C-7), 121.1 (d, 3J )
11.4 Hz, C-5), 125.8 (d, 4J ) 2.4 Hz, C-6), 129.6 (d, 3J ) 7.7
Hz, C-m), 129.7 (d, 2J ) 20 Hz, C-4), 130.4 (C-p), 135.2 (d, 2J
) 20.2 Hz, C-o), 136.7 (t, J+J′ ) 15.3 Hz, C-i), 144.3 (d, 1J )
44.4 Hz, C-3a), 148.0 (dd, 2J ) 5.0, 3J ) 2.4 Hz, C-7a), 177.7
(dd, 1J ) 73.6, 1J ) 17.6 Hz, C-2). 31P NMR (C6D6): δ 112.5
(d, 2JPP ) 15.4 Hz), -19.5 (d, 2JPP ) 15.4 Hz). MS (EI, 70 eV):
m/z (%) 333 (100) [M+], 254 (7), 242 (31), 225 (51), 201 (57),
183 (27), 152 (6), 107 (24), 77 (36), 51 (22). Anal. Calcd for
C20H17NP2 (333.31): C, 72.07; H, 5.14; N, 4.20. Found: C,
71.53; H, 5.07; N, 4.12.

1-Methyl-2-diphenylphosphono-1,3-benzazaphosphole
with LiCl‚1.3THF, 9. To a stirred solution of 2a, prepared
by lithiation of 1a (475 mg, 3.18 mmol) with tBuLi (2.45 mL,
1.3 M, 3.18 mmol) in ether (15 mL) was added ClP(O)Ph2

(0.547 mL, 2.87 mmol) at -78 °C. After reaching room
temperature, the color changed from yellow to brown. The
cloudy solution was stirred for 1 day, then the solvent was
evaporated. The slightly brown residue was washed with ether
to remove unreacted 1a and ClP(O)Ph2, providing a pale yellow
residue, which almost completely dissolves in THF. NMR
analysis of the crude product showed a mixture of 1a, 9, and
Ph2PHO in a ratio 1:2.5:2, crude yield nearly 45%. Repeated
crystallization from THF/n-hexane gave a fraction of pure 9,
mp 93-95 °C. 1H NMR (CDCl3/CD3OD): δ 3.81 (d, 4JPH ) 1.3
Hz, 3H, NMe), 7.03 (dd br, 3J ) 7.9, 7.3 Hz, 1H, H-5), 7.27-
7.35 (m, 5H, H-m, H-6), 7.38-7.46 (m, 3H, H-p, H-7), 7.54 (dd
br, 3JPH ) 12.6, 3J ≈ 7 Hz, 4H, H-o), 7.82 (dd br, 3J ) 7.9, 4JPH

) 3.9 Hz, 1H, H-4); 1.79, 3.68 (m, C4H8O). 13C NMR (CDCl3/
CD3OD): δ 35.6 (NMe), 112.8 (C-7), 120.5 (d, 3J ) 12.8 Hz,
C-5), 127.1 (d, 4J ) 2.8 Hz, C-6), 128.2 (d, 3J ) 12.8 Hz, C-m),
128.8 (d, 2J ) 21.3 Hz, C-4), 130.7 (dd, 1J ) 110.9, 3J ) 3.8
Hz, C-i), 131.9 (dd, 2J ) 10.4, 4J ) 1.8 Hz, C-o), 132.5 (d, 4J )
0.4 Hz, C-p), 141.6 (dd, 1J ) 42.8, 3J ) 12.6 Hz, C-3a), 147.2
(dd, 2J ) 7.2 and 3J ) 9.3 [uncertain] Hz, C-7a), 163.0 (dd,
1JP(V) ) 99.6, 1JP(III) ) 66.7 Hz, C-2); 25.0, 67.5 (C4H8O). 31P
NMR (CDCl3/CD3OD): δ 25.6 (d, 2JPP ) 73.3 Hz, PV), 134.4
(d, 2JPP ) 73.3 Hz, PIII). MS (EI, 70 eV): m/z (%) 349 (100)
[M+], 334 (2) [M+ - Me], 272 (3) [M+ - Ph], 258 (11), 224 (27),
148 (31) [M+ - OPPh2]. IR (Nujol, selected data): 1638 (vs),
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1593 (s); 1190 (vs) cm-1. Anal. Calcd for C20H17NOP2‚LiCl‚
1.3C4H8O (485.44): C, 62.35; H, 5.69; N, 2.88; Cl, 7.30.
Found: C, 60.15; H, 6.02; N, 2.86; Cl, 7.11.

(1-Methyl-1,3-benzazaphosphol-2-yl)diphenylmetha-
nol, 10. Benzophenone (244 mg, 1.34 mmol) was added at -78
°C with vigorous stirring to a solution of 2a prepared as above
from 1a (200 mg, 1.34 mmol) and tBuLi (0.78 mL, 1.7 M, 1.34
mmol) in THF (20 mL), leading to a color change from orange
to green. The solution was allowed to warm to room temper-
ature, and after 3 h its color changed back to orange.
Neutralization by solid NH4Cl (71.7 mg, 1.34 mmol) furnished
a pale yellow solution. After 1 day the solvent was removed
in vacuo, and the residue was extracted with n-hexane followed
by ether. Removal of the solvent from the ether fraction gave
166 mg (37%) of yellow 10, mp 65 °C. On longer contact with
air 10 becomes orange, mp 77-79 °C. 1H NMR (CDCl3): δ 3.43
(s br, 1H, OH), 3.66 (s, 3 H, Me), 7.14 (tdd, 3J ≈ 8, 7, 4JPH )
1.7, 4J ) 1.3 Hz, 1H, H-5), 7.28-7.39 (m, 11 H), 7.42 (tm, 3J
≈ 8 Hz, 1H, H-6), 7.91 (ddm, 3J ) 7.8, 3JPH ) 3.8 Hz, 1H, H-4).
13C NMR (C6D6): δ 35.5 (d, 3J ) 3.6 Hz, Me), 80.5 (d, 2J )
20.0 Hz, C-O), 112.5 (C-7), 120.3 (d, 3J ) 11.5 Hz, C-5), 125.2
(d, 4J ) 2.9 Hz, C-6), 127.4 (d, 4J ) 3.2 Hz, 4C, o-C), 127.7 (2
C, p-C), 127.9 (4C, m-C), 128.8 (d, 2J ) 21.4 Hz, C-4), 139.7
(d, 1J ) 37.6 Hz, C-3a), 145.3 (d, 3J ) 4.7 Hz, 2C, i-C), 145.6
(d, 2J ) 6.3 Hz, C-7a), 182.3 (d, 1J ) 51.6 Hz, C-2). 31P NMR
(CDCl3): δ 88.7. MS (EI, 70 eV, 120 °C): m/z (%) 331 (100)
[M+], 314 (10) [M - OH+], 184 (69) [Ph2COH+], 149 (60) [1+],
108 (41), 106 (98), 78 (80). Anal. Calcd for C21H18NOP
(331.35): C, 76.12; H, 5.48; N, 4.23. Found: C, 74.01; H, 5.64;
N, 4.01.

(1-Methyl-1,3-benzazaphosphol-2-yl)carboxylic Acid,
11. Gaseous CO2 (from dry ice) was introduced to a stirred
solution of 2a prepared as above from 1a (830 mg, 5.57 mmol)
and tBuLi (3.24 mL, 1.7 M, 5.57 mmol) in THF (20 mL) over
a period of 1 h at -60 °C, leading to a color change from orange
to yellow. A slight excess of Me3SiCl (1 mL) was added at the
same temperature. The solution was allowed to warm to room
temperature (3 h), and the solvent was removed in a vacuum,
leading to a yellow crystalline mush. 1H and 31P NMR spectra
(in C6D6) showed the nearly pure silylester,8 contaminated with
small impurities (5%) of 1a and the hydrolysis product.
Recrystallization of the silylester in ethanol lead via alcoholysis
in nearly quantitative yield to 11; 0.6 g (56%) of pale yellow
crystals were obtained from a mixture of EtOH and n-hexane
at -30 °C. 11 is soluble in MeOH and EtOH and sparingly
soluble in C6D6. 1H NMR (CD3OD): δ 4.23 (s, 3 H, Me), 4.87
(s br, OH and OH of solvent), 7.21 (tdd, 3J ≈ 8, 7, 4JPH, 4J )
1.5, 0.8 Hz, 1H, H-5), 7.51 (tt, 3J ) 8.4, 7.0, 4J ≈ 5JPH ) 1.1
Hz, 1H, H-6), 7.75 (d br, 3J ≈ 8.7 Hz, 1H, H-7), 8.05 (dd br, 3J
) 7.9, 3JPH ) 4.2 Hz, 1H, H-4). 13C NMR (CD3OD): δ 34.9 (d,
3J ) 3.8 Hz, Me), 114.8 (C-7), 121.9 (d, 3J ) 12.8 Hz, C-5),
128.4 (d, 4J ) 3.8 Hz, C-6), 130.5 (d, 2J ) 21.9 Hz, C-4), 143.2
(d, 1J ) 37.7 Hz, C-3a), 147.3 (d, 2J ) 7.5 Hz, C-7a), 161.7 (d,
1J ) 52.8 Hz, C-2), 166.6 (2J ) 21.9 Hz, COOH). 31P NMR (CD3-
OD): δ 120.2. Anal. Calcd for C9H8NO2P (193.14): C, 55.97;
H, 4.17; N, 7.25. Found: C, 56.10; H, 4.33; N, 7.16.

[Lithiumoxy(1-methyl-1,3-benzazaphosphol-2-yl)car-
bene]pentacarbonyltungsten (3THF), 12‚3THF. Tung-
stenhexacarbonyl (1.33 g, 3.80 mmol) was dissolved in THF
(10 mL) and added at -78 °C with vigorous stirring to a
solution of 2a prepared as above from 1a (566 mg, 3.80 mmol)
and tBuLi (2.92 mL, 1.3 M, 3.80 mmol) in Et2O (20 mL),
leading to color change from yellow to reddish orange. The
solution was allowed to warm to room temperature for 3 h.
After cooling again to -78 °C, Me3SiCl (excess) was added.
The color changed immediately to dark red. The mixture was
stirred for 12 h at room temperature, the precipitate removed
by filtration, and the solution evaporated to dryness and
redissolved in a mixture of THF (10 mL) and hexane (15 mL).
Storage at -78 °C gave 1.50 g (55%) of orange 12‚3THF, mp
73-76 °C, soluble in C6D6, very soluble in THF or CDCl3.

Single crystals were obtained from THF/hexane. Removal of
the solvent from the red filtrate left an ill-defined viscous oil.
1H NMR (C6D6): δ 3.58 (s, 3H, NMe), 7.04 (tdd, 3J ) 7.8, 6.9,
4JPH ) 1.7, 4J ) 1.2 Hz, 1H, H-5), 7.16 (d br, 3J ) 8.3 Hz, 1H,
H-7), 7.24 (t br, 3J ) 8.3, 6.9 Hz, 1H, H-6), 7.99 (dd br, 3J )
7.8, 3JPH ) 3.8 Hz, 1H, H-4); 1.83, 3.73 (CH2, 12H each). 13C
NMR (C6D6): δ 34.8 (d, 3J ) 2.8 Hz, Me), 113.7 (C-7), 121.3
(d, 3J ) 11.4 Hz, C-5), 126.0 (d, 4J ) 2.5 Hz, C-6), 130.4 (d, 2J
) 21.0 Hz, C-4), 142.1 (d, 1J ) 42.3 Hz, C-3a), 144.6 (d, 2J )
5.5 Hz, C-7a), 199.6 (d, 1J ) 55.6 Hz, C-2), 202.8 (d sat, 4J )
3.5, 1JWC ) 128.5 Hz, 4CO), 208.5 (s, 1CO), 298.6 (br, O-Cd
W); 25.3, 68.2 (C4H8O). 31P NMR (C6D6): δ 73.6. MS (EI, 70
eV, 200 °C): m/z (%) 352 (88) [HOCdW(CO)5

+], 324 (12)
[HOCdW(CO)4

+], 296 (70) [HOCdW(CO)3
+], 268 (100) [HOCd

W(CO)2
+], 240 (90) [HOCdWCO+], 212 (90) [HOCdW+], 149

(60) [1+], 107 (80), 74 (100). Anal. Calcd for C14H7LiNO6PW‚
3(C4H8O) (723.28): C, 43.18; H, 4.32; N, 1.94. Found: C, 43.55;
H, 4.42; N, 2.02.

η1(P)-(1-Methyl-1,3-benzazaphosphole)pentacarbon-
yltungsten, 13. To a solution of W(CO)5(THF), prepared by
irradiation of W(CO)6 (1.2 g, 3.42 mmol) in THF (30 mL) with
a mercury lamp until 74 mL of CO was liberated, was added
a solution of 1a (0.51 g, 3.42 mmol) in THF (1 mL). After 3
days the solvent was removed, and the residue was crystallized
from hexane to yield 1.05 g (65%) of yellow 13, mp 161 °C. 13
is less soluble in hexane than 1a. (13 decomposes on prolonged
exposure to sunlight and becomes green.) 1H NMR (THF-d8):
δ 4.08 (d, 4JPH ) 2.7 Hz, 3H, NMe), 7.30 (dddd, 3J ) 8.1, 7.0,
4JPH ) 2.8, 4J ) 0.8 Hz, 1H, H-5), 7.50 (ddt, 3J ) 8.5, 3J ) 7.0
Hz, 4J ≈ 5JPH ) 1.3-1.5 Hz, 1H, H-6), 7.80 (dd, 3J ) 8.6, 4J )
0.7 Hz, 1H, H-7), 7.99 (“tt”, 3J ) 8-8.2 Hz, 3JPH ≈ 4J ) 1 Hz,
1H, H-4), 8.71 (d, 2JPH ) 34.0 Hz, 1H, H-2). 13C NMR (THF-
d8): δ 37.8 (NMe), 114.9 (d, 3J ) 4.0 Hz, C-7), 122.0 (d, 3J )
14.8 Hz, C-5), 126.9 (d, 4J ) 3.7 Hz, C-6), 127.7 (d, 2J ) 13.4
Hz, C-4), 138.4 (d, 1J ) 21.6 Hz, C-3a), 144.4 (s, C-7a), 158.6
(d, 1J ) 27.0 Hz, C-2), 195.6 (d sat, 2J ) 8.8, 1JWC ) 124.5 Hz,
4CO), 200.4 (d, 2J ) 29.0 Hz, 1CO). 31P NMR (THF-d8): δ 28.5
(sat, 1JPW ) 240.5 Hz). MS (EI, 70 eV): m/z (%) 473 (100) [M+

for 184W], 417 (85) [M+ - 2CO], 389 (75) [M+ - 3CO], 361 (53)
[M+ - 4CO], 333 (69) [M+ - 5CO], 304 (43), 265 (10), 167 (12),
149 (31), 107 (14). Anal. Calcd for C13H8NO5PW (473.03): C,
33.01; H, 1.70; N, 2.96. Found: C, 31.94; H, 1.57; N, 2.65.

(2-Diphenylphosphino[η1]-1-methyl-1,3-benzazaphos-
phole)pentacarbonyltungsten, 14. 8 (400 mg, 1.2 mmol),
dissolved in THF (10 mL), was added to a solution of W(CO)5-
(THF) prepared by irradiation of W(CO)6 (420 mg, 1.2 mmol)
in THF (30 mL) as described above. After 2 days the solvent
was removed, and the residue was extracted with hexane.
Crystals deposited at -70 °C were filtered off. They melt on
warming to room temperature, forming a viscous yellow
material. This was extracted with a small portion of hexane
to leave 276 mg (35%) of 14, slightly contaminated by 8. 1H
NMR (C6D6): δ 3.22 (d, 4J ) 0.6 Hz, 3H, NMe), 6.90-7.11 (m,
10H), 7.53-7.57 (m, 3H), 7.86 (dd br, 3J ) 7.7, 3JPH ) 3.5 Hz,
1H, H-4). 13C NMR (C6D6): δ 37.9 (t, J+J′ ) 8.3 Hz, NMe),
114.0 (C-7), 122.0 (d, 3J ) 12.1 Hz, C-5), 127.7 (d, 4J ) 1.9 Hz,
C-6), 129.8 (d, 3J ) 9.9 Hz, C-m), 130.2 (d, superimposed, C-4),
131.5 (C-p), 133.3 (d, 2J ) 12.3 Hz, C-o), 135.5 (dd, 1J ) 41.4,
3J ) 5.8 Hz, C-i), 142.7 (dd, 1J ) 42.5, 3J ) 12.6 Hz, C-3a),
149.1 (t, J+J′ ) 10.7 Hz, C-7a), 169.6 (dd, 1J ) 67.0, 1J )
27.6 Hz, C-2), 198.5 (dd sat, 2J ) 6.9, 4J ) 3.2, 1JWC ) 126.6
Hz, 4CO), 200.1 (d, 2J ) 22.3 Hz, CO). 31P NMR (C6D6): δ 132.9
(d, 2JPP ) 90.1 Hz, P-3), 7.34 (d sat, 2JPP ) 90.6, 1JPW ) 247.2
Hz, PPh2). Anal. Calcd for C25H17NO5P2W (657.21): C, 45.69;
H, 2.61; N, 2.13. Found: C, 44.12; H, 2.83; N, 2.35.

η1(P)-(2-Trimethylstannyl-1-methyl-1,3-benzazaphos-
phole)pentacarbonyltungsten, 15. A solution of 5 (230 mg,
0.73 mmol) in THF (1 mL) was added to W(CO)5(THF)
prepared by irradiation of W(CO)6 (260 mg, 0.73 mmol) in THF
(30 mL) as above. After 3 days the solvent was removed and
the crude product extracted with C6D6. NMR spectra revealed
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formation of a 75:25 mol % mixture (470 mg) of 15 and 13. By
crystallization with hot hexane the content of 13 increased,
indicating partial decomposition of 15. 13C NMR (C6D6): δ -5.5
(d sat, 3J ) 6.0, 1JCSn ) 366.2 Hz, SnMe3), 39.5 (d sat, 3J )
3.9, 3JCSn ) 20.4 Hz, NMe), 114.4 (d, 3J ) 5.5 Hz, C-7), 121.8
(d, 3J ) 13.5 Hz, C-5), 126.6 (d, 4J ) 3.9 Hz, C-6), 127.6 (d, 2J
) 10.7 Hz, C-4), 141.6 (d, 1J ) 12.6 Hz, C-3a), 147.3 (d, 2JPC )
6.2 Hz, C-7a), 176.6 (d, 1J ) 29.4 Hz, C-2), 196.7 (d sat, 2J )
8.4, 1JCW ) 125.0 Hz, 4CO), 200.7 (d, 2J ) 28.2 Hz, 1CO). 31P
NMR (C6D6): δ 67.2 (sat, 2JPSn ) 148.4 Hz, 1JPW ) 236.5 Hz).
119Sn NMR (C6D6): δ -33.2 (d, 2JPSn ) 149.2 Hz).

X-ray Crystal Structure Analysis of 2a‚2THF. The X-ray
data of 2a‚2THF were collected on a STOE-IPDS diffrac-
tometer using graphite-monochromated Mo KR radiation,
λ ) 0.71069 Å. Crystal data: 0.5 × 0.5 × 0.5, white prisms,
space group Pbca, orthorhombic, a ) 14.620(3) Å, b ) 13.658(3)
Å, c ) 16.966(3) Å, T ) 200 K, V ) 3388(1) Å3, Z ) 8, Fcalcd )
1.173 g‚cm-3. A total of 9471 reflections were collected,
2715 were independent of symmetry, of which 1946 were
observed (I > 2σI), R1 ) 0.049, wR2 (all data) ) 0.149, 190
parameters. The structure was solved by direct methods
(SHELXS-86, G. M. Sheldrick) and refined by full-matrix least-
squares techniques against F2 (SHELXL-93, G. M. Sheld-
rick).34,35 Structure representation: XP (Siemens). For selected
data, see Table 1.

X-ray Crystal Structure Determination of 12‚3THF.
The X-ray data of 12‚3THF were collected on a STOE-IPDS
diffractometer using Mo KR radiation, λ ) 0.71073 Å. Crystal
data: 0.11 × 0.13 × 0.25 orange block, space group P1h,
triclinic, a ) 10.5437(10) Å, b ) 10.9105(11) Å, c ) 15.5675(15)
Å, T ) 200 K, V ) 1489.1(3) Å3, Z ) 2, Fcalcd ) 1.6131(3) g‚cm-3.
A total of 11 072 reflections were collected, 5369 were inde-
pendent of symmetry, of which 4172 were observed (I > 2σI),
R1 ) 0.0466, wR2 (all data) ) 0.0554, 352 parameters. The
structure was solved by direct methods (SHELXS-97). Struc-
ture representation: Diamond 2.1c (Crystal Impact GbR). For
selected data, see Table 2.
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