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Abstract: Characterization of the phosphavinylidene carbenoid DME-sol\Z3t&es*-P=C(CI){ Li(DME) 2}

(Z-2@) or the corresponding THF-solvat&-2b) by low-temperature X-ray diffractometry and multinuclear
NMR studies reveals the presence of discrete monomeric molecules with donor-solvated metal atoms both in
solution and the solid state. The structural parameters of 2al@hd the observed intermolecular exchange

of Li* between different carbanion fragments in solution suggest a low degree of covalency forlthe C
bond. This is in accord with a theoretical analysis of the bonding which demonstrates that the electronic structure
of the model carbenoidé&E/Z)Me-P=C(CI)}{ Li(DME)>} (5) is very similar to that of the carbaniorfg/Z)
[Me-P=C(CI)]~ (6). In particular, the low degree of covalency in the-ld bond in 5 is confirmed by natural
population analyses and an analysis of the Laplacian of the electron density. On the basis of these results, the
bonding situation in the phosphavinylidene carbanion system is discussed in terms of an isolobal analogy to
N2F,.

Carbenoids have attracted a great deal of interest because o8cheme 1
their potential as synthetic building blocks in organic chemistry, Li Li
as well as their unique bonding situatid@f particular interest >=<CI /P=<CI
are vinylidene carbenoids which display a sphybridized
carbenoid center as part ofiasystem and whose intramolecular ' g
rearrangement opens a synthetic route to triple bond systems. scheme 2
That these species do not represent only reactive intermediates

’ Cl Li(solv),
was recently demonstrated by the first crystal structure deter- p=C P=C
mination of an isolable vinylidene carbendid. Mes* Cl Mes* ClI
In contrast td, reports on phosphavinylidene carbendids 1 (2)-2a (solv =dme, n=2)
which are related td in a manner similar to that of phospha- (2)-2b (solv = thf, n = x)

alkenes being related to olefines, are rare, and their existence
was so far deduced only from in sifdP NMR studies and  full characterization by NMR spectroscopy and single-crystal
trapping in subsequent chemical reactidiiere, we reporton  X-ray diffractometry, as well as an analysis of the bonding

the first isolation of a representative of typle including its properties by means of ab initio model calculations.
TInstitut fur Anorganische Chemie der Univeri@onn.
* Fakultd fir Chemie der UniversitaBielefeld. Results
(1) Review: (a) Ktrich, G.Angew. Chenil967, 79, 15; Angew. Chem., .
Int. Ed. Engl.1967, 6, 41. (b) Kirmse, WAngew. Chenl965 77, 1; Angew. SynthesesTreatment of THF or DME solutions of the aryl-
Chem., Int. Ed. Engl1965 4, 1. (dichloromethylene)phosphing? with excessn-BuLi under
(2) (a) Clark, T.; von Schleyer, B. Chem. Soc. Chem. Comma§79 conditions similar to those described befSi@afforded cleanly

883. (b) Clark, T.J. Am. Chem. Sod.979 101, 7747. (c) Schleyer, P.v.

R.: Clark, T.; Kos, A. J.; Spitznagel, G. W.; Rohde, C.: Arad, D.; Houk, K. the corresponding phosphavinylidene carbenoid as DME-solvate

N.; Rondan, N. GJ. Am. Chem. Sod.984 106, 6467. (d) Schoeller, W. (Z-2a, solv=DME, n = 2) or THF-solvate Z-2b, solv= THF,

W. ghsem- ':hy? ';e“é9t9h5n2r4]é 21A 4. Am. Chem. Sod955 77, 3203 n = unknown$a ¢ (Scheme 2). Crystallization @a from DME
(b)(K)'c'beigh, é’_';' T(rgpp? H ghe,%'_’ Ber1966 99, 280" © ’ ’ at—60°C afforded colorless, highly air- and moisttrsensitive

(4) Boche, G.; Marsch, M.; Mier, A.; Harms, K.Angew. Chen1993 crystals which decomposed on warming to room temperature.
105 1081;Angew. Chem., Int. Ed. Engl993 32, 1033. Thorough NMR investigations were carried out on a sample of

(5) (a) Appel, R.; Casser, C.; Immenkeppel, Metrahedron Lett1985 6 i1 ;
30, 3551. (b) Yoshifuji, M.: Niitsu, T.; Inamoto, NChem. Lett1988 10, {®Li}-2b which was prepared analogously from and a

1733. (c) Goede, S. J.; Bickelhaupt, Ehem. Ber1991 124, 2677. (d) stoichiometric amount of °Li}-n-BuLi in THF. E-2b was

Yoshifuji, M.; Kawanami, H.; Kawai, Y.; Yasunami, M.; Niitsu, T.; Inamoto, ~ generated analogously by metalation(&)-Mes*-P=C(H)CI
N. Chem. Lett1992 1053. (e) Yoshifuji, M.; Ito, S.; Toyota, K.; Yasunami,

M. Bull. Chem. Soc. Jpri995 68, 1206. (f) Schmidt, O.; Fuchs, A.; Gudat, (6) Niecke, E.; Becker, P.; Nieger, M.; Stalke, D.; Schoeller, W. W.
D.; Nieger, M.; Niecke, E.; Schoeller, W. WAngew. Chem1998 110, Angew. Chem1995 107, 2012; Angew. Chem., Int. Ed. Engl995 34,
995; Angew. Chem., Int. Ed. Endl998 37, 949. 1849.
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(E-3)%2b with excessn-BuLi and identified by 3P NMR a\
spectroscopy?d-€Unlike the Z-isomer,E-2b was found to be

unstable under the reaction conditions and decomposed to give 239.2
Mes*C=P5b.deand n-BuP=C(Li)Mes* as main products. The (a) '

conversion went to completion in a minute time scale and 2396 I
precluded further attempts to spectroscopic characterization of )

the carbenoid. The identity of the addition prodmeBuP= [\ 831P (ppm)
C(Li)Mes* was derived from in situ NMR studies and was iy 2400

further proven by independent generation from reaction of Mes*-
C=P with 1 equiv oin-BuLi under similar conditions. Isolation 240.4
of the product by low-temperature crystallization failed as a
result of the onset of decomposition reactions.

NMR Spectroscopy. The molecular constitution of the ,
carbenoidZ-2b in solution is unequivocally assigned on the basis 0.80 0.72 0.64 0.56 0.48 0.40 0.32
of Li, 13C, and3P NMR data. The conservation of the double <«—— §6Li (ppm)
bond is indicated by the characteristic deshielding of the
resonances of both atoms in the central PC uhfP 240.3 0
13C 257.4]. The'3C signal displays at100°C splitting due to oL 6LIGIP)
coupling with the?'P [J(P,C)= 99.2 Hz] ancfLi nuclei [J(C SLi)
= 14.1 Hz]. The multiplicity [1:1:1 triplet] and magnitude of (b)
the C,Li coupling, which matches the values'dfC °Li) in
monomeric lithium organylé® prove the presence of monomeric
molecules with direct attachment of the metal at the double-
bonded carbon. Further THF-solvation of the metal followed
from the result of a 208Li,"H HOESY spectrum. Even if the

2J(P 8Li) coupling is not resolved in the 1D-spectra, its presence
is revealed by a cross-peak in a 2B 8Li HMQC spectrum
(Figure 1a), and by the comparisonéf and 6Li{3'P} spectra

obtained at-100°C (Figure 1b) where the larger line width in o~
the former owes to both the unresolved doublet splitting and 0.76 0.68 0.60 0.52 0.44 0.36 0.76 0.68 0.60 0.52 0.44 0.36
additional line broadening due to scalar relaxation of the second 6L (ppm) 86Li (ppm)
kind._9a %\;aluatiorg of t_he re?!?xation c%n_trilazutiqn by using the Figure 1. (a) 2DPELi-HMQC spectrum of Z-2b at —100 °C:
relat:aor) 1/T2’5°gl|‘l) N T.l( PX J(PLi)} . with values of projections denote the corresponding 4D{top) and3P{*H} NMR
Tos{’L) and Ty(*'P) obtained from relaxation measurements gpecira (right); (byLi (left) and °Li{*P} spectra ofz-2b (right) at
at —100 °C permitted the computation of the magnitude of _100°C (top row) and—50°C (bottom row). The observed difference
2)(PfLi) as 0.3 Hz. Comparison of a series%if and °Li{3'P} in line widths between théLi and 5Li{3'P} spectra at-100°C owes
spectra oRb recorded betweerr100 and—40°C revealed that  to the2J(PELi) coupling which produces both an unresolved doublet
the line broadening associated wili®,Li) gradually decreases  splitting and additional line broadening due to scalar relaxation of the
and eventually disappears (Figure 1b). This suggests that atsecond kind?
higher temperatures the P,Li coupling is averaged out by
intermolecular exchange of tibetween different anion frag- ~ phorus(lil) compounds is negativethis suggests an algebraic
ments [Mes*-RP=C(CI)]". decrease of the reduced couplings in both vinylidene and
Comparison of the NMR data for the double-bonded atoms phosphavinylidene carbenoids, which is presumably attributable
in Z-2b and the phosphaalker&)-Mes*-P=C(H)ClI, Z-3,2° [$ to the increased € —Li%* bond polarization.
31p 248.8;0 13C 160,1J(P,C)= 49.9 Hz] reveals that the carbon Comparison of the’'P NMR spectra ofZ-2a and Z-2b
atom in the carbenoid is considerably deshielded and exhibitsrevealed only insignificant differences, indicating that the nature
a larger magnitude ofJ(P,C). The extent of the deshielding of the solvation sphere at the lithium atom has no marked effect
[A6 = 98] notably exceeds the differences between vinylidene on the constitution of the carbenoid.
carbenoids and the corresponding olefines@®=C(H)CI [Ad Crystal Structure Analysis of Z-2a. A crystal structure
60—65] 7 and reflects presumably the larger chemical shift range analysis ofz-2areveals that the monomeric constitution persists
of P=C as compared to €C double bond systems. The in the solid state (Figure 2). The sterically demanding aryl
apparent increase 3(P,C) from3 to 2b contradicts at a first  substituent and the Li atom occupgns-positions. The Li atom
glance the finding that)(C,C) in vinylidene systems decreases s further coordinated by two DME molecules whose four
upon lithiation”! However, if one considers thatd(C,C) in oxygen atoms occupy the basal positions of a square pyramidal
olefins is generally positive wheread)(P,C) in phos-  coordination polyhedron. The apical €Li1 bond length
(7) (@) Seebach, D.; Siegel, H.; Gabriel, J:ssig, RHelo. Chim. Acta  [2.128(3) Al matches the corresponding distances in structurally
198Q 63, 2046. (b) Seebach, D.;dsig, R.; Gabriel, JHelv. Chim. Acta comparable lithium organylsand suggests a weakly bonding

19?3) Gs%eg-OLﬁhium Chemistry-A Theoretical and Experimentaladiew interaction between these atoms which is compatible with the
Saspe, A.;M., Schleyer, P. v. R., Eds.; John Wiley & Sons: New ’York, presence of a doneiacceptor complex between a phospha-

1995. vinylidene anion and L. The P:-C1 [1.677(2) A] and C%+
(9) () See: Howarth, O. IMultinuclear NMR Spectroscopiason, Cl1 [1.778(2) A] distances compare to the corresponding bond

J., Ed.; Plenum Press: New York, 1987; pp 133ff. (b) Jameson, C. J. In ; _ 11\ i
Multinuclear NMR Spectroscopilason, J., Ed.; Plenum Press: New York, Iengths in the phosphaa_lkene Mes*=E(Cl)-PCL (4)"" which
1987; pp 89ff. exhibits the same&-configurated G —P=C—CI skeleton as
(10) Appel, R.; Casser, C.; Immenkeppel, M. KnochARgew. Chem.
1984 96, 905; Angew. Chem., Int. Ed. Engl984 23, 895. (11) Baumeister, F., Ph.D. Thesis, Bori997.
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Characterization of a Phosphaylidene Carbenoid

Figure 2. ORTEP view (50% probability ellipsoids, H atoms omitted
for clarity) of the molecular structure @2ain the crystal. Important
bond distances [A] and angles [deg]: €CI1 1.7779(15), C+P1
1.6769(15), C#Lil 2.128(3), P+-C2 1.8723(14), CP1-C2 115.36(7),
P1-C1-CI1 120.52(8), P+C1-Lil 122.44(10), CI+C1-Li1
117.01(10).

that of Z-2a. Interestingly, the C2(ary)P1 bond inZ-2a
[1.872(1) A] is significantly longer than in other known
compounds of the type Mes*FCR; [e.g., 1.826 A in4,111.84

A in Mes*-P=CCl!?, while at the same time also the €1
P1-C2 bond angle [115.4(3) is wider than that in4
[102.0(3¥ 1. Further noticeable is the regular trigonal planar
coordination of the carbenic C1 atom whose bond angles[P1
C1-Lil 122.4(1y, P1-C1-Cl1 120.5(1), Cl1—C1-Li1l
117.0(1y] all fall close to the ideal value of 120in contrast,
the carbenic centers in the alkylidene and phosphoranylidene
carbenoids [§-Cl—CgHy4)2C=C(CI}{ Li(TMEDA)(THF) }4
[C-C-Li 137.17°, C-C—CI 112.8, CI-C—Li 108.7°] and
Mes*-P{=C(SiMe3),} =C(CI){ Li(THF)3}¢ [P—C—Li 155.5,
P—C—Cl 109.£, CI—C—Li 94.8°] display more T-shaped
geometries.

Quantum Chemical Studies.To further analyze the bonding
situation in phosphavinylidene carbenoids, we performed quan-
tum chemical ab initio calculatiofson the model carbenoids
(E/Z)[H3C—P=C(CIX{ Li(DME),}] (E/Z-5), the carbaniongE/
Z)-[HsC—P=C(Cl)]~ (E/Z-6), and the phosphaalkené&/Z)
[HsC—P=C(CI)H] (E/Z-7). A comparison of relevant bonding
parameters as obtained from energy optimizations under the
constraint of Cs symmetry at both SCF (HF/6-31G*) and
density functional levéf (B3LYP/6-31H-G*, see Table 1)
reveals the following trends: (a) The-®=C-—CI structural
units in the carbenoidg/Z-5 and in the free aniong/Z-6 are
very similar. In other words, addition of a solvated counterion

J. Am. Chem. Soc., Vol. 121, No. 3, 1929

Table 1. Relevant Geometric Parameters (Bond Lengths in A,
Bond Angles in deg) ob—7 Obtained by Energy Optimization at
the B3LYP/6-31%+G* Level

C-P P=C C-ClI C-P=C P=C—ClI
E-5° 1.892 1.701 1.883 99.7 108.6
Z-5° 1.887 1.691 1.861 112.4 119.7
E-6 1.898 1.718 1.915 97.3 108.4
Z-6 1.914 1.706 1.912 113.8 117.2
E-7 1.874 1.682 1.746 100.2 122.9
Z-7 1.865 1.680 1.750 105.4 130.7

alj—C = 2.119 A, Li-C—P = 143.0.PLi—C = 2.105 A, Li-
C-P=1313.

Figure 3. Laplacian of the electron denstfyof Z-5 computed at the
B3LYP/6-31+G* level.

C—P=C angles are considerably larger in tBethan in the
E-isomer of the anioi®. Despite the presence of the sterically
demanding solvated Li atom, this feature is completely preserved
in the carbenoid&/Z-5, suggesting an electronic rather than a
steric origin for this effect. (d) Both the-RC single and double
bonds grow increasingly longer in the order phosphaalkene
carbenoid< phosphavinylidene anion.

The limited electronic perturbation of the phosphavinylidene
anion due to attachment of Lis further reflected in the results
of a natural orbital population analy&isof the DFT wave
function of (2)-5 which revealed a charge density-60.91 on
the anion fragment, corresponding to a transfer of 0.09 electrons
to {Li(DME)2} ™. The spurious covalent interaction between

does not change the bonding features (computed for the gascarbon and lithium and the preservation of the multiple bond

phase) in the phosphavinylidene anion. (b) TheGT distances

in E/Z-5, 6 are substantially longer than in the corresponding
phosphaalkends/Z-7; this difference increases upon inclusion
of electron correlation (DFT vs SCF). (c) Bott=—Cl and

(12) (a) Litvinov, I. A.; Boldeskul, I. E.; Koidan, G. N.; Marchenko, A.
P.; Pinchuk, A. M.Dokl. Akad. Nauk SSSF99Q 113, 311; Zh. Strukt.
Khim. 1992 33, 174. (b) Nieger, M.; Niecke, E.; Ruban, A., unpublished
results.

(13) All calculations were conducted with the Gaussian program pack-
age: Gaussian 94, Revision B.3. Frisch, M. J.; Trucks, G. W.; Schlegel, H.
B.; Gill, P. M. W.; Johnson, B. G.; Robb, M. A.; Cheeseman, J. R.; Keith,
T.; Petersson, G. A.; Montgomery, J. A.; Raghavachari, K.; Al-Laham, M.
A.; Zakrewski, V. G.; Ortiz, J. V.; Foresman, J. B.; Peng, C. Y.; Ayala, P.
Y.; Chen, W.; Wong, M. W.; Andres, J. L.; Replogle, E. S.; Gomperts, R.;
Martin, R. L.; Fox, D. J.; Binkley, J. S.; Defrees, D. J.; Baker, J.; Stewart,
J. P.; Head-Gordon, M.; Gonzalez, C. and Pople, J. A., Gaussian, Inc.,
Pittsburgh, PA, 1995.

(14) (a) Becke, A. DJ. Chem. Phys1993 98, 5648. (b) Parr, R. G.;
Yang, W. Density-Functional Theory of Atoms and Molecul&xford
University Press: Oxford, 1989.

system is further indicated by the Wiberg bond indexesl[C
0.09, C-CI 0.96, C-P 0.92, G=P 1.95]. Last, but not least,
the nature of the carbenoid as a tight ion pair is highlighted by
an inspection of the Laplacian of the electron den%itthe
representation in Figure 3 clearly reveals the presence of an
electron pair domain at the olefinic carbon atom which points
toward the Li atom and documents the anionic character of the
phosphavinylidene fragment.

Discussion

The differences in geometric parameters betwehs and
6 and the results of population analyses suggest that the bonding
in the carbaniorb (and the carbenoi®) can be perceived in

(15) Reed, A.; Curtiss, L. A.; Weinhold, Ehem. Re. 1988 88, 899.
(16) Bader, R. F. WAtoms in Molecules: A Quantum Thep@xford
University Press: 1990.
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terms of an isolobal analogy to,®R.1” Of central importance

Niecke et al.

Table 2. Crystal Data and Structure Refinement &a

for the stabilization of the phosphavinylidene anion is the
remedy of the repulsion between the adjacent lone pairs at the
central atoms. This is achieved by both hyperconjugation
between the lone pairs and adjacent single bonds which induces
the elongation of the latter due to populationad{P—C) and
0*(C—Cl) orbitals, and rehybridization at the central atoms
which causes an opening of®=C and P=C—Cl angles. Since
both effects are more effective in tize than in theE-isomers,

the higher stability oZ-2 as compared to that &2 with respect

to rearrangement into a thermodynamically more stable phos-
phaalkyne is attributed to a more pronounced reluctance to
decrease the €P=C angle, which is a prerequisite for the 1.2-
migration of the aryl group.

In conclusion, the results of the experimental and theoretical
studies agree in giving a description of the carberbRlas a
tightly bound ion pair whose carbenic center behaves predomi-
nantly as a cryptocarbanion. The discussion of the bonding in
E/Z-phosphavinylidene carbenoids in terms of an isolobal
analogy to NF, permits the rationalization of the previously
noted?dedifferent chemical reactivity of the two sterecisomers.
Investigations of further aspects of bonding properties and
reactivities of lithiated phosphaalkenes are in progress.

Experimental Section

General. All manipulations were carried out under a dry argon

empirical formula

formula weight

temperature

wavelength

crystal system, space group
unit cell dimensions

volume

Z, calculated density
absorption coefficient

F(000)

crystal size

theta range for data collection
index ranges

reflections collected/unique
absorption correction
refinement method
data/restraints/parameters
goodness-of-fit orfr?

final Rindices | > 20(1)]
Rindices (all data)

absolute structure parameter
extinction coefficient

largest diff. peak and hole

G/H4gCILIO4P
511.02
123(2) K
0.710 73 A
orthorhomBi2;2,2; (no. 19)
a=11.0677(6) A
b=14.9657(9) A
c=17.6931(10) A
o =90°
p=90°
y =90°
2930.6(3) A
4,1.158 mgim
0.213 mrh
1112
0.35¢ 0.30x 0.15 mm
2:988.55
—14=<h=14,-19=< k=19,
—23=<1=23
37989/66Xy ;) = 0.0506]
none
full-matrix least-squaresFén
6626/0/309
0.938
R1=0.0308, wR2=0.0704
R* 0.0519, wR2=0.0743
0.52(4); racemic twin
0.0050(7)
0.228 an®.214 e A3

atmosphere using standard Schlenk technigitgs’*P{*H}, 13C{H},

6Li, and ®Li{3'P} NMR spectra (121.5, 300.15, 75.5, 44.2 MHz) were
recorded on a Bruker AMX 300 instrument equipped with three
independent rf channels and a triple resonance probe K€aspectra

(THF/hexane~90 °C) 6 257.41 (m,XJ(P,C)= 99.2 Hz,J(C5Li) =
14.1 Hz, P=C), 150.27 (50-Cary)), 145.33 (Sp-Cary), 145.26 (dLJ(P,C)
= 100.7 Hz,ipso-Cary), 119.79 (5m-Cayy), 37.24 (50-CCs), 34.27 (s,
p-CCs), 31.51 (d,*J(P,C)= 5 Hz, 0-CC3), 30.80 (s,p-CCy). 3P{*H}

were recorded with solvent suppression, and signal assignment wasNMR (THF/hexane—90 °C) 6 240.3 (s).

supported by?'P-basedC 3P{H}-INEPT experiments. All experi-
ments involving heteronucle¥;Y-polarization transfer were conducted
using previously published pulse sequen@e&hemical shifts are
referenced to external 85%:PIOs (3'P), TMS (°C, *H), or 70% LiBr
in DO (°Li). Relaxation measurements for computatiof P fLi) in
Z-2b were made at-100°C to slow intermolecular exchangg.(>'P)
was obtained from an inversiemecovery experiment, ant(6Li) in
both SLi and SLi{%'P} spectra was measured with a CPMG pulse
sequence2J(PALi) was calculated with neglect of thdy{5Li)
contribution to the scalar relaxation by using the fornfala/T, s{5Li)
= T1(3'P) {#JI(PSLi)}2, with T,s{5Li) being computed according to
1/Tosd5Li) = L/T,(5Li) — L/T,(5Li{3P}). Using the values of;(®'P,—
100°C) = 138 ms,T»(5Li,—100°C) = 686 ms,T(°Li{3P},—100°C)
= 735 ms furnishedJ(PfLi) = 0.3 Hz.

Preparation of Z-2a,b. To a stirred solution of 0.18 g (0.5 mmol)
of aryl-(dichloromethylene)-phosphirie®in 4.5 mL of DME (Z-2a)
or THF (Z-2b) were added at-80 °C 0.55 mL of n-BuLi/{5Li}-n-
BuLi in hexane ¢ = 1.6 mol L™Y). The DME solution ofZ-2a was
allowed to warm to—60 °C and stored at this temperature for several
days. Colorless crystals @f2a separated and were isolated by filtration
at —60 °C (no yield determined)Z-2b was subjected to NMR
spectroscopic analysis without further work@s2b: *H NMR (THF/
hexane,—90 °C) 6 7.16 (2 H, CH,y), 1.45 (18 H,0-CCH), 1.23 (9
H, p-CCHg). 8Li NMR (THF/hexane,—90°C) 6 0.55 (s).*3C{*H} NMR

(17) (a) Howell, J. M.; Kirschenbaum, L. J. Am. Chem. Sod.976
98, 877. (b) Epiotis, N. D.; Yates, R. L.; Larson, J. R.; Kirmaer, C. R;
Bernardi, F.J. Am. Chem. Sod.977, 99, 8379.

(18) (a) Benn R.; Rufiflea, A. Magn. Reson. Chem988 26, 895. (b)
Gudat, D.Magn. Reson. Chenl993 31, 925. (c¢) Gudat, D.; Link, M.;
Schraer, G.Magn. Reson. Chem 995 33, 59.

(19) Sheldrick, G. M. SHELXS-86Acta Crystallogr.1990 A46, 467—
473

(20) Sheldrick, SHELXL-97. 1997, University of @mgen, Germany.

(21) Flack, H. D.Acta Crystallogr.1983 A39 876-881

Metalation of E-3. To a stirred solution of 0.16 g (0.5 mmol) of
E-3 in 4.5 mL of THF were added at80 °C 0.55 mL of{®Li}-n-
BuLi in hexane ¢ = 1.6 mol L™%). A 3P{*H} NMR spectroscopic
assay allowed detection of the resonanc&@b (6 331) which was
replaced within a couple of minutes by two new singlet® &00.8
(n-BuP=C(Li)Mes*) and 32.0 (Mes*-&P). n-BuP=C(Li)Mes*: SLi
NMR (THF/hexane~90°C) 6 0.9 (d,?J(P,Li) = 3.8 Hz).*3C{3'P'H}
INEPT (THF/hexane;-90°C) 6 283.5 (m}J(P,C)= 130 Hz, J(C 5Li)
=12 Hz, P=C), 155.9 (d2J(P,C)= 26 Hz,ipso-Cay), 32.5 (d,*J(P,C)
= 8 Hz, P-CHy).

X-ray Crystallographic Study of Z-2a. Crystal data: G@Haio
CILiO4P, colorless, orthorhombic, space grde®2:2; (no. 19),a =
11.0677(6) Ab = 14.9657(9) Ac = 17.6931(10) AV = 2930.6(3)
A3, Z = 4, wR2(P) = 0.0743.The structure was solved by direct
methods (SHELXS-86}° Non-hydrogen atoms were refined anisotro-
pically on F2 (SHELXL-97)?° H atoms were refined using a riding
model. The absolute structure cannot be determined (racemic twin with
Flack parametex = 0.52(4%%. An extinction correction was applied.
Further details are given in Table 2.
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