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ABSTRACT: The novel ruthenaphosphaalkenyl complex [Ru{P=CH(SiMe,)}Cl-
(CO)(PPh,),], prepared from [RuHCI(CO)(PPh;);] and Me;SiC=P, exhibits
ambiphilic behavior, reacting at phosphorus with both nucleophiles and electrophiles.
Its reaction with Li(pz’) or K[HB(pz');] (pz’ = pz, pz*) affords [Ru{n'-N:>-P,C-
P(pz’ )=CH(SiMe,;)}(CO)(PPh;),], a rare example of a ruthenium(0) #*-
phosphaalkene complex and the first example of a P-pyrazolylphosphaalkene.
Conversely, reaction with the electrophilic PhHgCl leads to metalation at
phosphorus, affording [Ru{z'-P(HgPh)=CH(SiMe,) }Cl,(CO)(PPh;),].

he chemistry of low-coordinate phosphorus' continues to
develop, with an ever-increasing focus on organometallic
2 . )
systems;” among these, interest in the metallaphosphaalkenes,
which embody at least one metal substituent on the “P=C"
unit, has grown with notable rapidity.”* Within this class of
compounds, particularly intriguing are the P-metallaphosphaal-
kenes (M—P=CRR’; Chart 1). First described in 1985° and
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the subject of continued interest and study,®”® these remain
relatively rare. As with their organic counterparts, such
compounds traditionally relied upon sterically encumbering
or 7-dative substituents (CR, = C(SiMe;),, C(NMe,),; CRR/,
R = SiMe;, R’ = Ph, R = OSiMe;, R’ = Mes, Ph, ‘Bu) to confer
stability; however, with Hill and Jones  report of [Ru(P=
CHR)CI(CO)(PPh;),] (R = Bu (1),” Ad (2)),"* obtained by
hydroruthenation of the respective phosphaalkynes, access to
monosubstituted and unencumbered P-metallaphosphaalkenes
was finally established. Nonetheless, few further analogues have
been reported.'' ™"

Investigation of the chemistry of P-metallaphosphaalkenes
has included demonstration of their cycloadditions with
alkenes,* alkynes,15 and azo and diazo cornpounds;lé’17
additionally, the P*"=C®" polarization achieved within C-
amino derivatives has been exploited in protonation and
alkylation reactions.'® Significantly, comparable reactivity
toward electrophilic species has been demonstrated for 1,
which is devoid of additional z-donor substituents. Thus, the
electrophiles “EX” (Mel, AuCI(PPh;) and RHgCI (R = Fg,
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Ph)) react with 1 to afford the respective 1'-phosphaalkene
complexes [R,C=P(E)—RuCl(X)(PPh;),(C0O)]."”

As part of an extended investigation into unsaturated
phosphacarbon complexes and their derivatization, we were
interested in expanding the range of known P-metallaphos-
phaalkenyls and further exploring their chemistry. Herein, we
report the synthesis of [Ru{P=CH(SiMe,;)}CI(CO)(PPh,),]
and its unprecedented ambiphilic nature, facilitating P-
functionalization by both electrophilic and nucleophilic
reagents; the latter affords the first examples of P-
pyrazolylphosphaalkenes, which are held within the metal
coordination sphere.

The novel ruthenaphosphaalkenyl compound [Ru{P=CH-
(SiMe;) }CI(CO)(PPh;),] (3; Scheme 1) is conveniently

Scheme 1. Synthesis of Phosphaalkene Complexes 4 and §
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Reagents and conditions: (i) [RuHCI(CO)(PPh;);], CH,CL,/
toluene, 2 h; (ii) Li(pz’), thf, 1 h.

prepared by a modification of Hill's method, from [RuHCI-
(CO)(PPh;),] and excess Me;SiC=P,”* > as an air-sensitive
yellow solid.> While 3 has not yet ceded to the growth of
crystals, its identity follows from analytical and spectroscopic
data* These include a characteristic >'P NMR spectrum,
which indicates retention of two PPh; ligands (d, §p 34.6, Jpp =
8 Hz, 2P) and also exhibits a heavily deshielded resonance (dt,
Sp 548.5, Jop = 8 Hz, Joy = 21 Hz, 1P), attributed to the
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phosphaalkenyl center, which collapses to a triplet in the
3P{'H} NMR spectrum, consistent with loss of the scalar
interaction to the vinylic CH proton. The latter is observed at
7.28 ppm in the '"H NMR spectrum and identified on the basis
of its correlation with the phosphorus (8p 548.5), carbon (¢
168.0), and silicon (8 —9.40) centers of the phosphaalkenyl
moiety. Retention of the carbonyl ligand is apparent from
infrared data (vco 1920 cm™'), while the gross composition
was verified by elemental analysis.

In THF solution, compound 3 reacts readily with the lithium
pyrazolates Li(pz’) (pz’ = pz*, pz) over 1 h to afford in each
case high yields (>70%) of a single phosphorus-containing
product (4 and §, respectively), obtained in analytical purity by
recrystallization from CH,CL.>>*® Both 4 and $ exhibit
characteristic *P NMR spectra, which indicate loss of the
phosphaalkenic center, its resonance apparently being replaced
by one in the saturated region of the spectrum (60—30 ppm)
that couples to each of the, now inequivalent, PPh; centers.
Further salient spectroscopic data include (i) 'H NMR
resonances associated with a single pz’ unit, integrating
consistently against PPh,, (ii) appreciably shifted 'H and *C
resonances associated with the P—CH unit (vide infra), (iii) 'H
and *Si signals indicative of the retained SiMe; group, and (iv)
a single carbonyl stretching mode (vco 1900 cm™). The
identities of 4 and S were ultimately established from X-ray
diffraction studies, single crystals being obtained by slow
cooling of saturated CH,Cl, solutions. While the data for 4 are
of low quality, they confirm connectivity comparable to that
adopted by S (Scheme 1, Figure 1).*’

Figure 1. Molecular structure of 5 (50% thermal ellipsoids). The
phenyl groups are reduced and hydrogen atoms omitted for clarity.
The asymmetric unit contains two unique molecules of 5; numbering
of the second molecule (shown in the Supporting Information) is
comparable (i.e, P11 vs P21). Selected bond lengths (A) and angles
(deg): P21-C21 = 1.793(6), P21-N21 = 1.809(S), Ru21-P21 =
2.377(2), Ru21-C21 = 2.215(6), Ru21—C22 = 1.835(5), Ru21—-N22
=2.190(4), C22—021 = 1.154(6); P21—C21-Si21 = 116.7(3), P21—
C21-H21 = 112.8, Si21-C21-H21 = 112.8.

The core geometry of § might reasonably be described as a
ruthenaphosphirane, insofar as significant pyramidalization is
noted at the C,. center (£ZP—C—H = 112.8°, £Si—C—H =
112.8°, £.P—C—Si = 116.7°), while the P—C linkage (1.793(6)
A; P11-C11 = 1.779(6) A) is appreciably lengthened from
those previously reported for phosphaalkenyls (1.65—1.75 A).>®
This distance is, however, shorter than a typical P(sp*)—C(sp?)
single bond (1.855(19) A)* and, indeed, those of other
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phosphiranes (1.8—1.9 A). Moreover, while the acute angles
about phosphorus (£Ru—P—C = 62.4°, ZN—-P—-C = 94.4°,
£ZN—P—Ru = 81.9°) might reasonably be attributed to the
geometric constraints of the pyrazolyl bridge, those about
carbon are more clearly indicative of a geometry intermediate
between sp” and sp®, albeit that spectroscopic data (5¢ 47.5; 8y
1.59, Yoy ~ 123 Hz; cf. CH, 125 Hz*®) more strongly support
an sp> model.

The 3'P NMR data are not conclusively consistent with the
ruthenaphosphirane model, since the intrinsic metal—phos-
phide linkage ought to induce appreciable deshielding of the
phosphorus center, albeit that phosphiranes typically exhibit
appreciably shielded phosphorus centers.’' > The infrared
data are more informative, suggesting a ruthenium(0) center
(vco ~1900 cm™) rather than Ru(1I).>*>® We thus reason
that 5 is better formulated as an #':y*-coordinated P-
pyrazolylphosphaalkene complex, the observed spectroscopic
data reflecting a dominant contribution from d, — #%p_¢
retro-donation in phosphaalkene binding.*” Indeed, Cowley
described a similar situation for [Ni{#*-(Me,Si),C=PCH-
(SiMe;),}(PMe;)] (dp—c = 1.773(8) A),*® the first reported
1*-phosphaalkene complex, which also exhibited an unusually
low frequency resonance for the alkenic phosphorus center (&p
23). A comparable scenario was recently noted for the only
other ruthenium 77>-phosphaalkene complex, A (Chart 2; dp_c

Chart 2. The First (Thus Far Only) 7>-Phosphaalkene
Complex of Ruthenium
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= 1.775(3) A), which provides the sole structural comparison
for 5.3 With respect to the phosphaalkene unit, we note
contracted Ru—P distances for 5 (2.377(2), 2.308(6) A)
relative to A (2.437(1) A), while the Ru—C separations lie
within the limits of statistical comparability (2.215(6), 2.214(5)
A; cf. A 2.182(3) A). This can presumably be attributed to the
pyrazolyl bridge constraining the proximity of metal and
phosphorus centers, whereas A lacks any such constraint.

Interestingly, we first encountered 4 and 5 unexpectedly, as
the major products (inter alia intractable trace materials) from
the reaction of 3 with KTp’ (Tp’ = Tp, Tp*), which failed to
afford the anticipated pyrazolylborate complexes. Given the
absence of detectable levels of free pz'H within the KTp’ salts,
one must presume fragmentation of the borates, a process that
has been documented to complicate the pursuit of “Tp*Ru”
complexes.** However, Tp is typically installed without
difficulty. Indeed, [TpRu(P=CHBu)(CO)(PPh;)] can be
obtained cleanly from 1 and KTp;*' thus, it would seem
reasonable to conclude that the alkenyl substituent (SiMe; vs
‘Bu) exerts a significant influence upon reactivity, at least in the
interaction with azolylborate salts.

Notwithstanding, for the most part, the chemistry of 3 does
seemingly mirror that of 1: in particular, the facility with which
it undergoes addition of electrophiles to afford 7'-phosphaal-
kene complexes. Thus, the reaction of 3 with PhHgCl affords
[Ru{P(HgPh)=CH(SiMe;)}Cl,(CO)(PPh;),] (6) exclu-
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sively.” The formulation of 6 follows from spectroscopic
data,¥® in comparison with related systems; thus, the P ikenyl
center is significantly shifted (with respect to 3) to lower
frequency (Sp 406.8) and exhibits satellite coupling to '*"Hg
(]ng = 1792 Hz), alongside a mutual interaction with the
retained PPh, ligands (Jpp = 27 Hz). Proton, carbon, and silicon
spectra confirm retention of the other functionalities, while the
mercury fragment is apparent from (i) a doublet resonance in
the "Hg{'H} spectrum (Opg —845, lngP = 1796 Hz) and (ii)
the observation of Hg satellites on the '*C resonance associated
with the phenyl unit. The connectivity was ultimately
confirmed by an X-ray diffraction study (Figure 2),** suitable

Figure 2. Molecular geometry of 6 (50% thermal ellipsoids) in crystals
of the toluene solvate. The phenyl rings are reduced and hydrogen
atoms omitted for clarity. Selected bond lengths (A) and angles (deg):
Rul—P1 2.256(2), Rul—P2 2.399(2), Rul—P3 = 2.411(2), Rul—Cl1
= 2477(2), Ru—CI2 = 2.469(2), Rul-C1 = 1.845(5), C1-0O1 =
1.139(5), P1-C2 = 1.662(5), P1-Hgl = 2.390(2), Hgl-C6 =
2.089(S5); Rul-P1-C2 = 126.84(19), Rul-P1-Hgl = 117.60(5),
Hgl—-P1-C2 = 115.37(19), P1-C2—Sil = 131.4(3).

crystals being obtained by slow cooling of a saturated CH,Cl,/
hexane solution. In common with the limited examples of
structurally characterized heterodinuclear phosphaalkenyl com-
plexes,l%’e the geometry about Ru is distorted octahedral with
interligand angles in the range 84.62(4)—93.43(4)°. The Ru—
Cl distances differ beyond 30, indicative of a marginally greater
trans influence for the phosphaalkenyl group (Ru—Cl1
2.478(2) A) vs CO (Ru—CI2 = 2.469(2) A); while this is in
contrast with the case of [Ru{P(HgFc)=CHBu}ClL,(CO)-
(PPh;),] (Fc = ferrocenyl),]9e a similar scenario was described
for [Ru{P(AuPPh,)=CH'Bu}Cl,(CO)(PPh;),].""> The Ru—
P1 distance (2.256(2) A) is markedly shorter than those to the
phosphanes (2.411(2), 2.399(2) A), as was previously observed
and attributed to appreciable z acidity of the phosphaalkene
1igand.19b Finally of note, the Hg—P(sp?®) bond (2.390(2) A) is
somewhat shorter than that reported for the ferrocenyl
derivative (2.402(1) A),'*® the only other such linkage known.

In summary, we have reported the unprecedented ambiphilic
reactivity of the novel ruthenaphosphaalkenyl complex
[Ru{P=CH(SiMe;)}CI(CO)(PPh,),] (3) toward nucleophilic
and electrophilic reagents, both leading to functionalization of
the phosphorus center. We have thus obtained the first
examples of P-pyrazolylphosphaalkenes, stabilized within the
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metal coordination sphere, viz. [Ru{y'-N:n*-P,C-P(pz')=
CH(SiMe;)}(CO)(PPhy),] (pz’ = pz* (4), pz (5)), which
represents only the second report of #n*-phosphaalkene
coordination to ruthenium(0). Addition of electrophilic
PhHgCl to 3 affords instead the mercurio-phosphaalkene
complex [Ru{P(HgPh)=CH(SiMe;)}CL(CO)(PPh;),] (6),
only the second such material to be structurally characterized.
We have further described the unexpected formation of 4 and §
via fragmentation of Tp’ ligands, in contrast to the facile
generation of [TpRu(P=CHBu)(CO)(PPh;)], hinting at a
significant influence of the alkenyl substituent (SiMe; vs ‘Bu)
upon reactivity, an influence that we continue to explore,
alongside the mechanistic features, implications, and wider
scope of the nucleophilic derivatization of 3.
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Text, figures, and CIF files giving full experimental details for all
compounds, structures of both unique molecules of § showing
the numbering scheme, and details of the crystal structure
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http://pubs.acs.org.

B AUTHOR INFORMATION

Corresponding Author
*E-mail for LR.C.: i.crossley@sussex.ac.uk.

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

We are grateful to one reviewer for drawing our attention to
relevant recent literature. We thank the Royal Society,
Leverhulme Trust (F/00230/AL; studentship to N.T.), and
University of Sussex (studentship to V.K.G.) for financial
support. LR.C. gratefully acknowledges the award of a Royal
Society University Research Fellowship. We thank Dr. L J. Day
(Sussex), Dr. M. P. Coles (UVW), and Prof. A. F. Hill (ANU)
for useful discussions.

B REFERENCES

(1) For a recent review see: Dillon, K. B.; Matthey, F.; Nixon, J. F.
Phosphorus: The Carbon Copy; Wiley: Chichester, UK, 1998.
(2) For some reviews of low-coordinate phosphorus chemistry in an

organometallic context see: (a) Le Floch, P. Siimiisiay. 2006,
250, 627. (b) Russell, C. A. . 2009, 48, 4895.

(3) Weber, L. _.1996, 35, 271 and
references therein.

(4) Weber, L. SEmSnSiiie 2005, 249, 741 and references
therein.

(5) Weber, L; Reizig, K; Frebel, M; Boese, R; Polk, M._L
Sigaiaigs Chem. 1986, 306, 105.

(6) (a) Weber, L.; Reizig, K.; Frehel, M. Chem. Ber. 1986, 119, 1857.
(b) Weber, L.; Bungardt, D.; Reizig, K; Boese, R. Z. himiunfousslali
1986, 41, 1096. (c) Weber, L.; Bungardt, D. | 1936,
311, 269. (d) Weber, L.; Kaminski, O.; Stammler, H.-G.; Neumann, B.;
Romanenko, V. D. Z. pintagfessslessll 1993, 48, 1784. (d) Weber, L.;
Uthmann, S.; Torwjehe, B,; Kirchhoff, R; Boese, R; Blaser, D.
Organometallics 1997, 16, 3188. (e) Weber, L.; Scheffer, M. H.;
Beckmann, E.; Stammler, H.-G.; Neumann, B. Organometallics 1997,
16,2958. (f) Weber, L.; Kleinebekel, S.; Riihlicke, A.; Stammler, H.-G.;
Neumann, . Chem. 2000, 1185.

(7) (a) Gudat, D.; Niecke, E.; Malisch, W.; Hofmockel, U.; Quashie,
S.; Cowley, A. H; Arif, A. M.; Krebs, B.; Dartmann, M. J. Chem. Soc,

dx.doi.org/10.1021/0m4001988 | Organometallics 2013, 32, 2501-2504


http://pubs.acs.org
mailto:i.crossley@sussex.ac.uk
http://pubs.acs.org/action/showImage?doi=10.1021/om4001988&iName=master.img-005.png&w=202&h=197

Organometallics

Communication

Chem. Commun. 1985, 1687. (b) Gudat, D.; Niecke, E.; Arif, A. M,;
Cowley, A. H,; Quashie, S. Organometallics 1986, S, 593. (c) Niecke,
E.; Metternich, H.-J.; Nieger, M.; Gudat, D.; Wenderoth, P.; Malisch,
W.; Habner, C.; Reich, W. Chem. Ber. 1993, 126, 1299.

(8) (a) Binger, P.; Biedenback, B.; Mynott, R;; Kruger, C.; Betz, P.;
Regitz, M. . 1988, 27, 1158. (b) Binger, P.;
Haas, J.; Hermann, A. T.; Langhauser, F.; Kruger, C. i

EduEug 1991, 30, 310.
(9) Bedford, R. B; Hill, A. F.; Jones, C. Angew. Chem.,, Int. Ed. Engl.

1996, 3S, 547.

(10) Bedford, R. B.; Hill, A. F.; Jones, C.; White, A. J. P.; Williams, D.
J; Wilton-Ely, J. D. E. T. Organometallics 1998, 17, 4744.

(11) Jones has reported hydroruthenation of his bicyclo[2,2,2]
octane-1,4-diphosphaalkyne to the respective bicyclo[2,2,2]octane-1,4-
bis(ruthenaphosphaalkene);'* Hill’s attempts to obtain an osmium
analogue of 1 via hydro-osmation were thwarted by its facile
conversion to a metallacyclic phosphaalkenyl-phosphaalkene com-

lex.'?

P(IZ) Brodkorb, F.; Brym, M.; Jones, C.; Shulten, C. J. Organomet.
Chem. 2006, 691, 1025.

(13) Hill, A. F.; Jones, C.; Wilton-Ely, J. D. E. T. Chem. Commun.
1999, 451.

(14) Weber, L.; Kleinebekel, S.; Pumpenmeier, L.; Stammler, H.-G,;
Neumann, B. Organometallics 2002, 21, 1998.

(15) Weber, L.; Kleinebekel, S.; Lonnecke, P. Z. Anorg. Allg. Chem.
2002, 628, 803.

(16) Weber, L.; Kaminski, O.; Boeses, R.; Blaser, D. Organometallics
199§, 14, 820.

(17) Weber, L.; Kleinebekel, S.; Stammler, H.-G.; Stammler, A. Z.
Anorg. Allg. Chem. 2002, 628, 810.

(18) (a) Weber, L.; Scheffer, M. H.; Stammler, H.-G.; Neumann, B.;
Schoeller, W. W.; Sundermann, A. Organometallics 1999, 18, 4216.
(b) Weber, L.; Kleinebekel, S.; Haase, T. Z. puuyiigmiism. 2000,
626, 1857.

(19) (a) Bedford, R. B; Hibbs, D. E.; Hill, A. F.; Hursthouse, M. B.;
Abdul Malik, K. M,; Jones, C. Chem. Commun. 1996, 1895S.
(b) Bedford, R. B; Hill, A. F.; Jones, C.; White, A. J. P.; Williams,
D.J,; Wilton-Ely, J. D. E. T. (e 1997, 179. (c) Hill, A. F;
Jones, C.; White, A. J. P.; Williams, D. J.; Wilton-Ely, J. D. E. T. Cha,
Sagag. 1998, 367. (d) Bedford, R. B.; Hill, A. F.; Jones, C.; White,
A. J. P; Williams, D. J.; Wilton-Ely, J. D. E. T. |
Traus 1997, 139. (e) Hill, A. E.; Jones, C.; White, A. J. P.; Williams, D.
J.; Wilton-Ely, J. D. E. T. | N . 1993, 1419.

(20) Me,SiC=P was prepared by dehydrochlorination of
Me,SiCH,PCl,,*" via a modification of literature methods.”* Toluene
solutions were calibrated for concentration by integration of the
phosphaalkyne *'P{'"H} NMR resonance (5, 98.7) against the fully
relaxed resonance of internal PPh, (d; > 150 s).

(21) Averre, C. E.; Coles, M. P.; Crossley, L. R; Day, L J. Dalton
Trans. 2012, 41, 278.

(22) (a) Mansell, S. M.; Green, M; Kilby, R. J.; Murry, M.; Russell,
C. A. C. R. Chem. 2010, 13, 1073. (b) Mansell, S. M.; Green, M,;
Russell, C. A. insdinehusse 2012, 41, 14360.

(23) Synthesis of 3. To [RuHCI(CO)(PPh,);] (1.00 g, 1.05 mmol)
suspended in CH,Cl, was added excess (1.2 equiv) Me;SiC=P as a
solution in toluene. After 2 h, the solvent was removed under reduced
pressure and the residue thoroughly agitated with hexane. Anaerobic
filtration afforded pure 3, which was dried in vacuo. Yield: 0.8 g, 95%.

(24) Compound 3 was characterized by *'P, 'H, BC{'H}, *Si{'H}
NMR and infrared spectroscopy, and elemental analysis. See
Supporting Information.

(25) Synthesis of 4 and 5. Typically, to 3 (200 mg, 2.48 X 10™* mol)
suspended in thf (5 cm®) was added 1 equiv of Li(pz’) (generated in
situ); the mixture was stirred for 1 h at room temperature and the
solvent removed at reduced pressure. The residue was extracted into
CH,Cl,, the extract filtered, and the solvent removed in vacuo. Yield:
70%.

2504

(26) Compounds 4 and § were characterized by 3'P, 'H, *C{'H},
»Si{'"H} NMR, infrared spectroscopy and elemental analysis. See
Supporting Information.

(27) CCDC 910162. See Supporting Information.

(28) Search of CCDC: Allen, F. H. Acta Crystallogr., Sect. B: Struct.
Sci. 2002, 58, 380.

(29) Allen, F. H; Kennard, O.; Watson, D. G.; Brammer, L.; Orpen,
A. G,; Taylor, R. J. Chem. Soc., Perkin Trans. 2 1987, S1.

(30) Maciel, G. E.; Mclver, J. W,, Jr.; Ostlund, N. S.; Pople, J. A. J.
Am. Chem. Soc. 1970, 92, 11.

(31) While there are no examples of metallaphosphiranes for direct
comparison, one reviewer points out that phosphiranes in general are
noted to exhibit appreciable low-frequency chemical shifts (e.g, Jp
—237 for PhP(C,H,),** cf. 8, 32 for PhP(Me)(Et)®). However, given
the appreciable shielding noted for phosphorus within the parent
phosphaalkenyls, it is questionable whether the chemical shifts of 4
and § are merely consistent with a combination of the two opposing
effects.

(32) Li, X;; Robinson, K. D.; Gaspar, P. P. . Org. Chem. 1996, 61,
7702.

(33) Mikokajczyk, M.; Omelanczuk, J.; Perlikowska, W. Tetrahedron
1979, 35, 1531.

(34) While monocarbonyls of Ru(0) are rare, such species have been
noted to exhibit carbonyl stretching modes in the region 1910—1880
em™,%° placing 4 and § comfortably in this region. Moreover, this is
supported by comparison of the force constant (14.55 N cm™) with
those derived from Ru(0) dicarbonyls (14.00—14.93 N em™).3¢

(35) See for example: (a) Bohanna, C.; Esteruelas, M. A; Lahoz, F. J;
Onate, E; Oro, L. A; Sola, E. Organometallics 1995, 14, 4825.
(b) Bolton, P. D.; Grellier, M.; Vautravers, N.; Vendier, L.; Sabo-
Etienne, S. Saymmmiy 2008, 27, 5088. (c) Hill, A. F.; Owen, G.
R.; White, A. J. P.; Williams, D. | NN 1999, 38,
2759.

(36) See for instance: (a) Christian, D. F.; Roper, W. R. J. Chem. Soc.
D: Chem. Commun. 1971, 1271. (b) Herberhold, M.; Hill, A. E._L
Sigdiaigs Chem. 1990, 395, 195.

(37) The metallaphosphirane and #*-phosphaalkene models are
essentially the extreme cases in the application of the Dewar—Chatt—
Duncanson model, distinguished by the extent of d, — #*(C=P)
retro-donation. For the present case, the confirmation of a Ru(0)
center, alongside the P—C distance being intermediate between single
and double bonds (and shorter than in phosphiranes) and
comparability of the *'P spectroscopic data with those of established
n*-phosphaalkenes, lead us to favor the n*-alkene model. This is
supported by our very recent (unpublished) synthesis of an analogue
of 4 derived from 1 (i.e. Ru—P=CH(‘Bu)), for which the C/H
chemical shifts and C—H coupling constants reflect sp* hybridization,
indicative of a reduced level of retro-donation: Trathen, N.; Crossley,
L. R. Unpublished results.

(38) Cowley, A. H.; Jones, R. A,; Stewart, C. A.; Stuart, A. L. ]. Am.
Chem. Soc. 1983, 105, 3737.

(39) Ionkin, A. S.; Marshall, W. J,; Fish, B. M.; Schiffhauer, M. P.;
Davidson, F.; McEwen, C. N.; Keys, D. E. Organometallics 2007, 26,
5050.

(40) See for example: Onishi, M. Bull. Chem. Soc. Jpn. 1991, 64, 3039.

(41) The original report of [TpRu{P=CH'Bu}(CO)(PPh,)]
describes it as “difficult to obtain in analytical purity” and presents
no characterization data.* We have recently obtained this material in
purity, confirming the facility of its synthesis: Trathen, N. Unpublished
results.

(42) Synthesis of 6. Typically, a solution of 3 (200 mg, 0.248 mmol)
in CH,Cl, (10 cm®) was added to a CH,CI, suspension of 1 equiv
PhHgCI. After it was stirred anaerobically for 2 h, the solution was
filtered and solvent removed in vacuo. Yield = 80%.

(43) Compound 6 was characterized by *'P, 'H, *C{'H}, *Si{'H},
Hg{'H} NMR and infrared spectroscopy, and elemental analysis.
See Supporting Information.

(44) CCDC 927274. See Supporting Information.

dx.doi.org/10.1021/0m4001988 | Organometallics 2013, 32, 2501-2504



