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Phosphaalkenes (MesP=CRR': R = R’ = Ph (1a); R = R' = 4-FC¢H, (1b); R = Ph, R" = 4-FC¢H, (1c); R =
R" = 4-OMeCeH, (1d); R = Ph, R" = 4-OMeC¢H,4 (1e); R = Ph, R" = 2-pyridyl (1f)) are prepared from the
reaction of MesP(SiMes), and O=CRR' in the presence of a trace of KOH or NaOH. The base-catalyzed phospha-
Peterson reaction is quantitated by NMR spectroscopy, and isolated yields of phosphaalkene between 40 and 70%
are obtained after vacuum distillation and/or recrystallization. The asymmetrically substituted phosphaalkenes (1c,
le, 1f) form as 1:1 mixtures of E and Z isomers; however, X-ray crystallography reveals that the E isomers crystallize
preferentially. Interestingly, E-1e and E-1f readily isomerize in solution in the dark, although the rate of isomerization
is much faster when samples are exposed to light. X-ray crystal structures of 1b, E-le, and E-1f reveal that the
P=C bond lengths (average of 1.70 A) are in the long end of the range typically found in phosphaalkenes (1.61—
1.71 A). Attempts to prepare isolable P-adamantyl phosphaalkenes following this route were unsuccessful. Although
AdP=CPh, (2a) is detected by 3'P NMR spectroscopy, attempts to isolate this species afforded the 1,2-diphosphetane
(AdPCPhy), (3a), which was characterized by X-ray crystallography.

Introduction We have recently discovered that the=@ bonds in
lphosphaalkenes, by analogy with the=C bonds of olefins,

can be polymerized to afford a new phosphorus-containing
polymer, poly(methylenephosphine) (ed Bhosphaalkenre
styrene copolymers have also been prepared from the
copolymerization of PC and G=C bonds, and these
copolymers are effective supports for the Pd-catalyzed Suzuki
coupling of arylbromides and arylboronic acidSonvenient
Cpreparative methods for isolable phosphaalkenes bearing a
variety of substituents are needed for exploring the generality

Phosphaalkenes are attractive functional compounds tha
possess a (2p3p)r bond between phosphorus and carbon.
Over the past thirty years,=FC bonds have evolved from
exotic laboratory curiosities to encompass a rapidly growing
field in which potential applications are now being envisaged.
For instance, compounds witkHZ bonds have recently been
used in the development of new functional polymetand
have attracted attention as ligands for metal-catalyzed organi
reactions’®
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Scheme 1. Examples of Synthetic Methods Developed for the
Preparation of Acyclic Phosphaalkenes
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of this new polymerization reaction, improving catalyst
efficiency, and exploring structurgoroperty relations in this
new class of polymer.

P:C/ initiator P—C|;
/N ]
n

Several important methods for preparing isolable acyclic

@

phosphaalkenes are shown in Scheme 1. A considerable

amount of research has led to the development of the
following general synthetic routes to compounds with@®
bonds: the Becker condensation followed by 1,3-silatropic
rearrangementy),’ base- or thermally induced 1,2-elimina-
tion (B),'%!condensation followed by eliminatiol€{? and
D®), phospha-Wittig reactionsEf,** R—P transfer from
metal-phosphinidenesH),'>¢ and double-bond migration
reactions G).17:18
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We are particularly interested in the reactionoekilyl
phosphides with ketones or aldehydes as a route to phos-
phaalkene monomers for polymerization studigs. (This
so-called phospha-Peterson reaction is an analogue of the
Peterson olefination reactidhand has been used extensively
to prepare isolable phosphaalkenes bearing a variety of bulky
substituent§?2%-27 An alternate base-catalyzed phospha-
Peterson reaction (eq Il) has been reported for the preparation
of MesP=CPh..2%28This route represents a potentially more
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Phospha-Peterson £C Bond-Forming Reaction

convenient method ofPC bond formation, because it is
not necessary to generate RP(Li)SiMee situ and the sole
byproduct (hexamethyldisiloxane) is volatile and easy to
remove. Besides MesFCPh, only a few other phospha-
alkenes have been prepared by this method.

SiMe, Ph Ph
/ KOH

Mes—R + o:ci O P:Ci + O(iMeg), (D)
SiMes Ph €@ Mes  Ph

vacuo. Crude yield (yellow oil}= 18 g (85%).1a can be purified
by vacuum distillation (bp= 150-160°C, 0.01 mmHg) followed
by recrystallization from a minimal amount of cyclohexan&)3
Yield: 12.0 g (57%). To avoid the time-consuming distillation, we
can remove the KOH fromla by extracting a CKHCI, solution of
the crude product with degassed watex (&nd drying the organic
layer with MgSQ, followed by recrystallization from cyclohexane
(3x). Yield: 72%.

31P NMR (CDCh): 6 233.1H NMR (CDCly): 6 7.52-6.87 (m,
10H, aryl H), 6.70 (s, 2H, Mes H), 2.27 (s, 6B,CH3), 2.20 (s,

Herein, we report our studies of the scope of the base-cata-3y, p-CHs). Anal. Calcd for G:H.P: C, 83.52; H, 6.69. Found:
lyzed phospha-Peterson reaction for the synthesis of phos-c, 83.42: H, 6.74.
phaalkenes bearing P-mesityl and P-adamantyl substituents. MesP=C(4-FCgHJ), (1b). MesP(SiMe), (13.1 g, 0.044 mol),
4,4-difluorobenzophenone (8.5 g, 0.039 mol), and finely ground
anhydrous KOH (4 mg, 0.07 mmol) were mixed and then dissolved

General Procedures.All manipulations of air- and/or water-  in THF (150 mL). The mixture was stirred, and the reaction progress
sensitive compounds were performed under a nitrogen atmospheravas monitored by'P NMR spectroscopy. After 1 day, compound
using standard Schlenk or glovebox techniques. Hexanes andlb was formed quantitativelyd(= 234), and the solvent was
dichloromethane were deoxygenated with nitrogen and dried by removed in vacuo. The solid residue was dissolved in hexanes (100
passing through a column containing activated alumina. THF was ML) and filtered; the solvent was removed in vacuo, leaving a
freshly distilled from sodium/benzophenone ketyl. Distilled water Yellow oil. The crude product was purified by vacuum distillation
was degassed prior to use. CRGCIL) and acetonitrile were  (bp=120-140°C; 0.01 mmHg). Yellow crystals suitable for X-ray
distilled from ROs and degassed. Benzophenone (Aldrich) was diffraction were obtained from slow evaporation of a hexanes

Experimental Section

sublimed prior to use. KOH and NaOH were made anhydrous by solution. Yield: 6.2 g (45%).

following a literature procedure (recrystallization from EtOH and
subsequent heating in vacl#8y,4-Difluorobenzophenone, 4-fluo-
robenzophenone, 4:dimethoxybenzophenone, 4-methoxyben-

3P NMR (CDCE): 6 234.3.1% NMR (CDCk): 6 —112.8,
—113.3.H NMR (CDCk): 6 7.48 (m, 2H,0-cis-Ar), 7.01 (dd,
8y = 8 Hz, 3Jry = 8 Hz, 2H,m-cis-Ar), 6.82 (m, 2H,o-trans

zophenone, 2-benzoylpyridine, and mesitaldehyde were purchased), 6.74 (dd,*Jun = 9 Hz,3Jry = 9 Hz, 2H,m-trans-Ar), 6.72 (s,

from Aldrich and used as received. MesP(SiM&° AdPH,,%° and
OC(Bu),3! were prepared following literature procedures.
Equipment. H, 3P, 19F and 13C{!H} NMR spectra were

2H, mMes), 2.25 (s, 6Hp-CHs), 2.21 (s, 3H,p-CHs). $3C{*H}
NMR (CDCl): 6 190.7 (d,2Jpc = 44 Hz, P=C), 163.6 (dd5Jpc
=5 Hz,Jrc = 249 Hz,p-cis-Ar), 162.0 (d,}Jrc = 248 Hz,p-trans

recorded at room temperature on Bruker Avance 300 or 400 MHz Ar), 140.8 (d,%)pc = 25 Hz, i-cis-Ar), 140.2 (d,%)pc = 7 Hz,
spectrometers. Chemical shifts are reported relative to residual0-Mes), 139.1 (d2Jpc = 15 Hz,i-trans-Ar), 138.7 (sp-Mes), 135.9

CHCI; (0 = 7.24 forH), 85% HPO, as an external standard (
= 0.0 for 3P), CFC} in CDCl; as an external standard & 0.0
for 19F), and CDC{ (0 = 77.0 for 13C). Assignments of NMR
spectra were made with the aid'$f—'H COSY,H—13C HMQC,
andH—12C HMBC experiments. Th& andZ isomers ofl were

(d, Ypc = 43 Hz,i-Mes), 130.4 (dd3Jpc = 7 Hz, 3Jec = 7 Hz,
o-trans-Ar), 129.3 (dd 2Jpc = 19 Hz,3Jc = 8 Hz, o<is-Ar), 128.4
(s,mMes), 115.2 (d2Jrc = 22 Hz,m-cis-Ar), 114.5 (d,2Jec = 22
Hz, mtransAr), 22.1 (d,3Jpc = 9 Hz, 0-CHg), 21.0 (s,p-CHs).
MS (El, 70 eV): 353, 352 [24, 100; N]; 351 [43; M" — H]J; 258,

assigned with the aid of previously published spectral data and 257 [4, 20; M" — 4-FGH,]; 256 [26, M" — 4-FCH4 + H]; 203

X-ray crystal structure data obtained in this wa#R2:33 Ele-
mental analyses were performed in the University of British
Columbia Chemistry Microanalysis Facility. Mass spectra were
recorded on a Kratos MS 50 instrument in EI mode (70 eV).
Samples oE-1lewere irradiated using a 450 W medium-pressure
mercury lamp equipped with a Pyrex filter (Corning #7740,
transmits>290 nm).

MesP=CPh;, (1a). To a stirred solution of MesP(SiMp (20.0

[46; Mt — MesP+ H]. Anal. Calcd for GoHiFP: C, 74.99; H,
5.44. Found: C, 74.77; H, 5.36.

MesP=C(Ph)(4-FCsH,) (1c). MesP(SiMg), (12.7 g, 0.043 mol),
4-fluorobenzophenone (8.6 g, 0.043 mol), and anhydrous KOH (6
mg, 0.1 mmol) were mixed as solids and then dissolved in THF
(80 mL). The mixture was stirred, and the reaction progress was
monitored by3P NMR spectroscopy. After 4 days, compoutd
was formed quantitativelyd(= 234, 233), and the solvent was

g, 0.067 mol) and benzophenone (12.3 g, 0.067 mol) in THF (300 removed in vacuo. The solid residue was dissolved in hexanes (50
mL) was added a suspension of finely ground anhydrous KOH (0.38 mL) and filtered; the solvent was removed in vacuo, leaving a dark

g, 6.8 mmol) in THF (40 mL). The pale yellow reaction mixture
was stirred for 1 ¥ An aliquot was removed and analyzed ¥k
NMR spectroscopy; the observation of a single sigidai=(233)
suggested thafa had formed quantitatively. The solvent was
removed in vacuo; subsequently, proddet was dissolved in

red oil. The crude product was purified by vacuum distillation
(170-180°C, 0.01 mmHg). The product is a viscous yellow oil
that does not solidify on standing. Yield: 8.3 g (58%).

31P NMR (CDCE): 6 234.0 @), 232.6 ). 1%F NMR (CDCk)
(E/Z mixture): ¢ —113.8, —114.6. '"H NMR (CDCl) (E/Z

hexanes, the solution was filtered, and the solvent was removed inmixture): 6 7.5-6.7 (m, 11H, Ar), 2.23 (s, 6t6-CHs), 2.20, 2.18

(29) Perrin, D. D.; Armarego, W. L. FPurification of Laboratory
Chemicals 3rd ed.; Pergamon Press: New York, 1988; p 429.

(30) Stetter, H.; Last, W.-DChem. Ber1969 102 3364.

(31) Caollins, D. J.; Jacobs, H. AAust. J. Chem1987, 40, 1989.

(32) Van der Sluis, M.; Klootwijk, A.; Wit, J. B. M.; Bickelhaupt, F.;
Veldman, N.; Spek, A. L.; Jolly, P. Wi. Organomet. Chen1997,
529 107.

(33) Yoshifuji, M.; Toyota, K.; Inamoto, NTetrahedron Lett1985 26,
1727.

(s, 3H,p-CH3). MS (EI, 70 eV): 336, 335, 334 [3, 22, 100;"y
333 [51; M — HJ; 186, 185 [9, 45; M — MesP + H]. Anal.
Calcd for GoHyoFP: C, 79.03; H, 6.03. Found: C, 78.79; H, 5.87.

(34) The reaction time is highly variable and may require a few days for
completion, depending on scale, reagent concentration, and amount
of KOH or NaOH added. We have found that careful monitoring by
31P NMR is required. In the case of a sluggish reaction, additional
KOH or NaOH may be needed.
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MesP=C(4-OMeC¢H,), (1d). MesP(SiMg), (13.0 g, 0.044
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mL) and filtered; the solvent was removed in vacuo, revealing a

mol), 4,4-dimethoxybenzophenone (10.6 g, 0.044 mol), and yellow-green solid. The crude product was purified by slow
anhydrous KOH (0.10 g, 1.7 mmol) were mixed as solids and then evaporation of an acetonitrile:hexanes (3:1) mixture to afford yellow

dissolved in THF (150 mL). The reaction mixture was stirred, and
the reaction progress was monitored B NMR spectroscopy.
After 2 days, compoundd was formed quantitativelyd(= 217),

crystals. Yield: 8.3 g (48%).
31p NMR (CDCE): ¢ 260.1 E), 242.1 ©). *H NMR (CDCl3)
(E/Z mixture): 6 8.67 (d,3Juy = 4 Hz, 1H,E-0-py), 8.46 (d,2Jun

and the solvent was removed in vacuo. The solid residue was= 4 Hz, 1H,Z-0-py), 7.6-6.7 (br m, 16HE/Z-Ar), 6.68, 6.67 (s,

extracted with hexanes (8 50 mL) and filtered; the solvent was
removed in vacuo, leaving a yellow solid. The crude product was
purified by recrystallization from a mixture of hexanes and THF
at —70°C. Yield: 8.0 g (49%).

31P NMR (CDCE): 6 217.3.1H NMR (CDCl): ¢ 7.61 (d,2Jqn
= 7 Hz, 2H,0-Cis-Ar), 6.97 (d,3Jun = 7 Hz, 2H,m-cis-Ar), 6.94
(d, 3Jun = 8 Hz, 2H, o-trans-Ar), 6.83 (s, 2H,m-Mes), 6.68 (d,
3Jyy = 9 Hz, 2H,mtrans-Ar), 3.87 (s, 3H,Z-OCHy), 3.73 (s, 3H,
E-OCHy), 2.40 (s, 6Hp-CHg), 2.30 (s, 3Hp-CH3). 13C{*H} NMR
(CDCl): 6 192.1 (d,\Jpc = 44 Hz, P=C), 160.4 (d,>Jpc = 4 Hz,
p-cis-Ar), 158.8 (s,p-trans-Ar), 140.2 (d,2Jpc = 7 Hz, o-Mes),
137.7 (d,2Jpc = 25 Hz,i-cis-Ar), 137.8 (s,p-Mes), 136.7 (d1Jpc
= 43 Hz,i-Mes), 136.0 (d2Jpc = 15 Hz,i-transAr), 130.1 (d,
3Jpc = 6 Hz, o-trans-Ar), 129.0 (d,3Jpc = 19 Hz,0-cis-Ar), 128.1
(s, mMes), 113.4 (sm-cisAr), 112.6 (s,mtransAr), 55.0 (s,
Z-OCHg), 54.7 (s,E-OCHj3), 22.1 (d,2Jpc = 9 Hz,0-CHg), 20.9 (s,
p-CHs). MS (El, 70 eV): 378, 377, 376 [4, 27, 100;" 375 [30;
M* — HJ; 362, 361 [4, 17; M — CHg]; 270, 269, 268 [4, 28, 93;
M+ — 4-CH,OCH; — HJ; 228, 227 [6, 28; M — MesP+ H].
Anal. Calcd for GsH»s0,P: C, 76.58; H, 6.69. Found: C, 76.30;
H, 6.71.

MesP=C(Ph)(4-OMeCsH,) (1e).MesP(SiMeg), (4.05 g, 0.014

4H, E,Z-m-Mes), 2.28, 2.26 (s, 12H,,E-0-CH3), 2.17, 2.16 (s, 6H,
E,Z-p-CH3). MS (El, 70 eV): 319, 318, 317 [3, 24, 100;) 316
[9; MT — H]; 303, 302 [3, 11; M — CHg]; 241, 240 [7, 40; M
— Ph]; 239 [14; MF — CgHg]; 226 [34; M™ — py — H]; 169, 168,
167 [32, 97; M — MesP+ HJ; 167 [32; M™ — MesP]; 149 [33;
MesP" + H]. Anal. Calcd for GiH,NP: C, 79.47; H, 6.35; N,
4.41. Found: C, 79.38; H, 6.35; N, 4.36.

AdP(SiMe3z),. To a solution of AdPH (3.45 g, 20.5 mmol) in
THF (40 mL) was added MeLi (58 mL, 1.4 M, 81 mmol) a8
°C. The reaction mixture was slowly warmed to room temperature,
whereupon it was stirred for a further 30 min. The resulting dark
orange solution was cooled t678 °C; Me;SiCl (11 mL) was added,
and the reaction mixture was again warmed to room temperature.
An aliquot was taken foP’P NMR spectroscopy analysis (AdP-
(SiMez): 0 = —106 (s)). Often, after the first silylation step, we
observed a mixture of AdP(SiMg, AdP(H)SiMe, and AdPH.
In this instance, the solvent/M®iCl was removed in vacuo, and
the resulting mixture was redissolved in freshly distilled THF,
relithiated, and silylated following the above procedure. Typically,
after one relithiation, AdP(SiMg, was formed quantitatively
(according to®P NMR). The solvent was then removed in vacuo.
The yellow solid residue was extracted with hexanes (80 mL)

mol), 4-methoxybenzophenone (2.90 g, 0.014 mol), and anhydrousand filtered, and the solvent was removed. The crude product (a

KOH (4 mg, 0.07 mmol) were mixed as solids. The solids were
dissolved in THF (50 mL) and stirred for 1 day. Analysis of an
aliquot removed from the reaction mixture BY» NMR spectros-
copy showed the quantitative formation of phosphaalketies (

colorless liquid) was purified by distillation (bp= 110 °C, 5
mmHg). Yield: 4.68 g (73%).

31P NMR (GDg): 6 —106 (s).'H NMR (CgDg): 0 2.04 (m, 6H,
2-Ad), 1.83 (s, 3H, 3-Ad), 1.62 (s, 6H, 4-Ad), 0.35 @py = 4

226, 224). After solvent removal, the solid residue was extracted Hz, 18H, (Hs). 3C{H} NMR (C¢Dg): 6 46.4 (d,%Jpc = 8 Hz,

in hexanes (3x 20 mL) and filtered; the solvent was removed in
vacuo, revealing a yellow liquid. The crude product was purified
by distillation at 189°C (0.01 mmHg). Yellow crystals suitable
for X-ray diffraction were obtained from slow evaporation of a
hexanes solution. Yield: 2.05 g (42%).

31P NMR (CDCE): 6 225.6 @), 223.7 E). 'H NMR (CDCly)

(E isomer): ¢ 7.48 (dd,2Jyny = 9 Hz, *Jpy = 3 Hz, 2H, o-trans
Ph), 7.1+7.01 (m, 3H,m,p-cisPh), 6.87 (d3Jyy = 7 Hz, 2H,
o-cis-Ph), 6.84 (d,3Juy = 9 Hz, 2H, mtransPh), 6.68 (s, 2H,
m-Mes), 3.82 (s, 3H;-OCHj3), 2.26 (s, 6H,0-CH3), 2.18 (s, 3H,
p-CHa). 13C{*H} NMR (CDCl) (E-isomer): 192.9 (diJpc = 44
Hz, P=C), 160.6 (d,?Jpc = 4 Hz, p-Ar), 143.3 (d,2Jpc = 14 Hz,
i-Ar), 140.4 (d,2Jpc = 7 Hz, o-Mes), 138.2 (sp-Mes), 137.7 (d,
2Jpc = 25 Hz,i-Ph), 136.4 (d1Jpc = 43 Hz,i-Mes), 128.9 (d3Jpc
= 20 Hz,0-Ph), 128.6 (d3Jpc = 7 Hz, 0-Ar), 128.1 (s,m-Mes),
127.3 (s;m,pPh), 113.6 (sm-Ar), 55.4 (s,—OCHy), 22.3 (d,3Jpc
= 9 Hz, 0-CHj), 21.0 (s,p-CH3). MS (El, 70 eV): 348, 347, 346
[3, 24, 100; M]; 345 [27; MT — H]; 331 [7; Mt — CHg]; 269 [6;
M* — Ph]; 240, 239, 238 [4, 16, 72; M— 4-MeOGH, — H]J;
198, 197 [6, 30; M — MesP+ H]. Anal. Calcd for GgH,30P: C,
79.75; H, 6.69. Found: C, 80.15; H, 6.35.

MesP=C(Ph)(2-py) (1f). MesP(SiMg), (16.2 g, 0.055 mol),
2-benzoylpyridine (10.0 g, 0.055 mol), and anhydrous NaOH (10
mg, 0.25 mmol) were mixed. The solids were dissolved in THF
(100 mL) and stirred for 3 day$!P NMR spectroscopy analysis
of an aliquot removed from the reaction mixture showed the
quantitative formation of phosphaalkenes= 260, 242). After

2-Ad), 36.8 (s, 4-Ad), 35.2 (dJpc = 14 Hz, 1-Ad), 29.9 (d3Jpc
= 8 Hz, 3-Ad), 3.89 (d2Jpc = 12 Hz,CHjy).

AdP(H)SiMes. To a solution of AdPH (1.16 g, 6.9 mmol) in
Et,0 (20 mL) was added MeLi (7 mL, 1.5 M, 10.5 mmol)-a¥8
°C. The reaction mixture was slowly warmed to room temperature,
whereupon it was stirred for a further 45 min. The resulting yellow
suspension was cooled to78 °C, M&SIiCl (1.5 mL) was added,
and the reaction mixture was again warmed to room temperature
for 30 min. An aliquot was taken &P NMR spectroscopy analysis
(AdP(H)SiMe&: 6 = —84.7 (d)). The solvent was then removed in
vacuo. The yellow solid residue was extracted with hexanes (3
20 mL) and filtered, and the solvent was removed in vacuo. The
crude product (a colorless liquid) was purified by distillation (bp
= 80 °C, 5 mmHg). Yield: 1.19 g (72%).

3P NMR (GDg): 6 —84.7 (d,Jpy = 194 Hz). 'H NMR
(CsDg): 6 2.32 (d,1Jpy = 194 Hz, 1H, M), 1.88 (m, 6H, 2-Ad),
1.80 (s, 3H, 3-Ad), 1.59 (s, 6H, 4-Ad), 0.25 @py = 4 Hz, 9H,
CH).

In situ Preparation of AdP(Li)SiMe 3. Method A.To a solution
of AdP(SiMe); (1.66 g, 5.3 mmol) in THF (25 mL) was added
MeLi (7.1 mL, 1.4 M, 9.9 mmol). The reaction mixture was heated
to reflux overnight. The quantitative formation of AdP(Li)SiMe
was confirmed by?’P NMR [0 = —96.9 (s)]. Method B.To a
solution of AdP(H)SiMeg (1.2 g, 5.0 mmol) in THF (20 mL) was
added MelLi (1.5 M, 4.0 mL, 6.0 mmol) at78 °C. The reaction
mixture was warmed to room temperature, and the quantitative
formation of AdP(Li)SiMg was established by'P NMR (6 =

solvent removal, the solid residue was extracted into hexanes (50—96.9 (s)).
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Table 1. X-ray Crystallographic Data fotb, E-1E, E-1f, and3A+THF

1b E-le E-1f 3atTHF
formula GoH1PR Cau3H230P GiHooNP GsoHssP,0
fw 352.36 346.38 317.35 736.96
cryst syst triclinic monoclinic monoclinic monoclinic
space group P1 P2:/n P2i/c C2lc
color yellow yellow yellow clear
a(h) 9.3394(2) 12.5689(8) 11.016(1) 22.447(2)
b (A) 14.1908(3) 10.4921(6) 17.254(2) 15.2803(9)
c(R) 15.6207(3) 15.6160(10) 9.475(1) 13.533(1)
o (deg) 69.626(8) 90.0 90.0 90.0
p (deg) 71.699(8) 109.345(3) 107.89(1) 122.037(3)
y (deg) 86.12(1) 90.0 90.0 90.0
V (A3) 1840.6(1) 1943.1(2) 1713.8(3) 3934.8(5)
T (K) 173.0 173.0 173.0 173.0
4 4 4 4 4
u(Mo Ka) (cm™?) 1.69 1.48 1.60 1.49
cryst size (mrf) 0.50x 0.25x 0.15 0.40x 0.40x 0.20 0.20x 0.20x 0.05 0.35x 0.30x 0.20
calcd density (Mg m?3) 1.271 1.184 1.230 1.244
26(max) (deg) 55.7 55.7 55.6 55.7
no. of reflns 16 453 37 662 42 105 18 463
no. of unique data 7452 4594 4044 4621
R(int) 0.036 0.0309 0.061 0.053
refln/param ratio 16.52 20.33 19.08 15.32
R12 0.041;1 > 3o(1) 0.0389;1 > 20(l) 0.043;1 > 20(1) 0.042;1 > 20(1)
wR2 (all data) 0.123 0.1204 0.124 0.112
GOF 1.07 1.091 1.05 1.00

AR1= 3 ||Fo| — |Fell/3|Fol. °wR2(F? [all data]) = { T [W(Fo? — FA)2/ 3 [W(Fo?)F} 2.

(AdPCPh), (3a). To a solution of AdP(Li)SiMe (4.9 mmol)
was added dropwise a solution o=Q@Ph (1.08 g, 5.9 mmol) in
THF (10 mL). An aliquot of the dark orange reaction mixture was
removed and analyzed P NMR spectroscopy. A singlet reso-

of E-1e and E-1f were performed using the SHELXPt crystal-
lographic software package from Bruker-AXS.

CompoundE-1f is disordered by a 180rotation about the
C1—-C2 bond. The disorder was modeled by placing partial nitrogen

nance was observed at 286 ppm, suggesting quantitative formationand carbon in both positions ortho to C2 (using SHELXL EXYZ
of a phosphaalkene; however, over a few hours, a second signal aand EADP functions) and refining their respective populations
28 ppm was detected in addition to the signal assigned to phos-(occupancy 0.84(1) and 0.16(1)). CompotBactrystallizes with a

phaalkene. The reaction mixture was quenched with9W& (0.76
mL, 6.0 mmol). Over a period of ca. 2 days, 88 NMR spectrum

half-molecule of THF (on &; axis), and the adamantyl group was
disordered. The disorder was modeled in two orientations, with

of the reaction mixture showed only one signal at 28 ppm. After relative populations of 0.86 and 0.14 for the major and minor
solvent removal, the solid residue was extracted with hexanes (3fragments, respectively. Additional crystal data and details of the
x 20 mL) and filtered; the solvent was removed in vacuo, affording data collection and structure refinement are given in Table 1. Further

a yellow oil. Yellow crystals suitable for X-ray diffraction were

obtained by slow evaporation of a THF solution. Yield: 0.71 g

(43%).

31p NMR (CDCE): 6 28 (s).'H NMR (CDCL): 6 8.17 (d, 3
= 8 Hz, 4H,0-Ph), 7.48 (t3Juy = 7 Hz, 4H,m-Ph), 7.11 (t3Juy
= 7 Hz, 4H, mPh), 6.82 (m, 4Hp-Ph), 6.54 (d, 4H,0-Ph),
1.8-1.4 (m, 30H, Ad). MS (70 eV, El): 665, 664 [0.10, 0.17;M
333, 332 [3, 12; AdPCRH], 168, 167 [10, 50; (AdPH) or

(HCPh)'], 136, 135 [14, 100; Ad].

Attempted Preparation of AdP=CR'R” (2b—d). To a cooled
(=78 °C) solution of AdP(Li)SiMg (ca. 1 mmol) in THF (5 mL)

Results and Discussion

details are included in the Supporting Information.

The base-catalyzed phospha-Peterson reaction can be used
to prepare P-mesityl phosphaalkenes bearing several C-aryl
substituents. By slightly modifying Becker’s original pro-
cedure forla,?® we have prepared several isolable P-mesityl

phosphaalkeneslp—f) from MesP(SiMg), and the ap-

propriate ketone in the presence of a catalytic quantity of
anhydrous KOH or NaOH’ After vacuum distillation

was added dropwise a solution of ketone/aldehyde (1 equiv) in THF. and/or recrystallization, the isolated yields of analytically
An aliquot was immediately removed from the reaction mixture pyre phosphaalkene were between 43 and 72%, and each
and analyzed usingP NMR spectroscopy. The NMR spectroscopic  ¢oy|d be prepared on multigram scales. Interestingly, we have

data are summarized in Table 3. None of these phosphaalkeneq:ound that compoundda—

were isolable.

X-ray Crystallography. All single crystals were immersed in
oil and mounted on a glass fiber. Data were collected on a Rigaku/
ADSC CCD diffractometer b and 3a) or a Bruker X8 APEX
diffractometer E-1e and E-1f) with graphite-monochromated Mo
Ka radiation. All structures were solved by direct methods an

e are amenable to aqueous
workup provided they are kept free from oxygen. Aqueous
workup allows for easy removal of KOH (or KOSiNMeand
obviates the need for distillation. Unlike the other phos-

d (35) teXsan: Crystal Structure Analysis Packaddolecular Structure
Corporation: The Woodlands, TX, 1985 and 1992.

subsequent Fourier difference techniques and refined anisotropically(36) SHELXTLversion 5.1 Bruker AXS Inc.: Madision, WI, 1997.
for all non-hydrogen atoms. All data sets were corrected for Lorentz (37) A 3P NMR study has mentioned phosphaalkefiese, and their

and polarization effects. All calculations on crysthdland3awere
performed using the teXs&hcrystallographic software package
from the Molecular Structure Corporation, whereas all refinements

Inorganic Chemistry,

chemical shifts have been reported. These compounds were prepared
in situ using the phospha-Peterson route (Scheme 1, path H); however,
no experimental details were provided, and the compounds were not

isolated. See ref 21.
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Table 2. Important Metrical Parameters for Phosphaalkenes Bearing P-Mes -aAd Substituents

Z-MesP=C(4-BrGsHa) E-MesP=C

la la 15 1d2 E-le E-1f (4-MeOGsHa) (2-PrGHz)Ph
Bond Lengths

P=C 1.692(3) 1.693(2) 1.688(2) 1.698(3) 1.7082(13) 1.7043(16) 1.692(5) 1.682(2)
1.691(2) 1.696(3)

P—Cues 1.828(3) 1.830(2) 1.831(2) 1.821(3) 1.8418(13) 1.8378(16) 1.827(5) 1.835(2)
1.830(2) 1.820(3)

C—Cuans 1.491(5) 1.493(5) 1.486(2) 1.481(3) 1.4884(17) 1.496(2) 1.482(7) 1.500(2)
1.491(2) 1.484(4)

C—Ceis 1.487(4) 1.489(2) 1.484(2) 1.479(4) 1.4908(17) 1.498(2) 1.491(7) 1.482(2)
1.482(2) 1.486(4)

Bond Angles

OCwmes—P=C 107.5(2) 107.6(2) 107.14(9) 108.8(13) 106.51(6) 107.80(7) 105.8(2) 106.20(8)
108.17(8) 108.8(13)

OP=C—Cuans 116.2(2) 118.0(2) 117.8(1) 115.11(19) 115.66(9) 116.87(11) 115.9(3) 116.4(1)
114.9(1) 114.9(2)

OP=C—Cqis 127.2(2) 124.8(2) 126.5(1) 128.01(19) 126.51(9) 125.41(11) 127.0(4) 128.5(1)
128.3(1) 127.6(2)

0Ceis—C—Cirans 116.6(2) 117.1(3) 115.7(2) 116.8(2) 117.72(10) 117.48(13) 117.1(4) 115.1(1)
116.8(1) 117.5(2)

Angles between Planks

Mes 71 72.2 71.8 64.5 71.9 70.4 70.4 69.5
70.1 68.9

Arrans 36.6 21.4 45.1 45.8 33.7 22.4 374 66.6
32.9 41.4

Arcis 42.9 59.2 54.8 37.1 49.0 57.6 46.5 47.9
56.0 37.1

reference 11h 40 this work 42 this work this work 42 41

aTwo independent molecules are present in the asymmetric unit. Data on the top line are for molecule 1; the bottom line, for mblEcelargjle
between the mean plane of the specified aryl ring atoms to the mean plapeRe-C—(Ciand(Ccis) atoms.

Table 3. Synthesis and th&!P NMR Chemical Shifts of
Phosphaalkenes 1 and 2, RERR”

compd R R R" 31P NMR (ppm)
la Mes Ph Ph 233
1b Mes 4-FGH4 4-FGHq4 234
1c Mes Ph 4-FGH4 234 @), 233 €)
1d Mes 4-OMeGH4 4-OMeGHa 217
le Mes  Ph 4-OMe@H; 226 @2), 224€)
1f Mes Ph 2-py 260K), 242 ©)
2a Ad Ph Ph 286
2b Ad Me Me 257
2c Ad Mes H 299, 293
2d Ad Bu Bu not formed

phaalkenes, 2-pyridyl-substituted phosphaalkdfiig very
sensitive to moisture and must be recrystallized from a
mixture of acetonitrile and hexanes. Compodrids a rare

example of a 2-pyridyl-substituted phosphaalkene and is of
interest as a bidentate chelating ligand for transition metals.
Previously reported pyridyl-substituted phosphaalkenes have

the compoundd4c, 1e and1f form as mixtures o andZ
isomers in approximately 1:1 ratios. X-ray structure deter-
minations (discussed below) for single crystald efand 1f
reveal that each mixture crystallizes as tkeisomer.
Interestingly, thé'P NMR spectra of these crystals dissolved
in CDCl;, THF, or GHs show signals for botte and Z
isomers; therefore, it can be concluded that a facile cis/trans
isomerization is taking place in solution. The cis/trans
isomerization of phosphaalkenes has been observed previ-
ously; however, it is usually photochemical and requires UV
irradiation!™?21.333%n the case of-1le andE-1f, 3P NMR
spectroscopic studies inids reveal that isomerization occurs

in the absence of light (ca. 48 h to equilibrium) but is faster
when solutions are exposed to sunlight2¢ h to equilib-
rium.). Interestingly, equilibrium is reached in just 30 min
when a GHs solution of E-1eis irradiated with UV light
(>290 nm, 25°C).

employed the bulkier supermesityl substituent at phosphorus A search of the Cambridge Crystallographic Database

(e.g., Mes*P=CH(2-py)??> Mes*P=CH(2,6-py)HCG=PMes*??
and Mes*P=C(R)(2-py)?6-*8 with R = H, SiMe;, and'Bu;
and Mes*= 2,4,6-tritert-butylphenyl).

/SiMe3 R KOH R
/ /
MesfP\ + o:o\ P:C\ + (Me3Si),0
SiMe, R @ ves R
1a: R=R'=Ph

1b: R=R'=4-FCgH,

1c: R=Ph, R'=4-FC¢H,
1d: R=R'=4-OMeCgH,
1e: R=Ph, R'=4-OMeCgH,
1f: R=Ph, R'=2-pyridyl

The presence of two signals of equal intensity*m NMR

spectra of the phosphaalkene reaction mixtures suggests that

5230 Inorganic Chemistry, Vol. 45, No. 13, 2006

found 20 P=C compounds with P-mesityl substituents, of
which several were metal complexes of,(1%) systems. To
further investigate the structural features and bonding in
uncomplexed P-mesityl phosphaalkenes, we have analyzed
three representative compounds by X-ray crystallography.
A summary of cell constants and data collection param-
eters forlb, E-1e, and E-1f are included in Table 1. The
molecular structures of phosphaalkengls, E-1¢ and
E-1f are shown in Figures-1 3, respectively. Important

(38) Van der Sluis, M.; Beverwijk, V.; Termaten, A.; Gavrilova, E.;
Bickelhaupt, F.; Kooijman, H.; Veldman, N.; Spek, A. Organo-
metallics1997, 16, 1144.

(39) Yoshifuji, M.; Toyota, K.; Inamoto, N.; Hirotsu, K.; Higuchi, T.

Tetrahedron Lett1985 26, 6443.
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Figure 1. Molecular structure of MesPC(4-FGHa), (1b). Two virtually Figure 2. Molecular structure of MesPC(Ph)(4-OMeGH,) (E-1e).
identical molecules appear in the asymmetric unit. Metrical parameters are Ellipsoids are drawn at the 50% probability level; hydrogen atoms are
given for one of the two molecules. Ellipsoids are drawn at the 50% oOmitted for clarity. Selected bond lengths (A) and angles (deg):
probability level; hydrogen atoms are omitted for clarity. Selected bond P(1)-C(1) 1.7082(13), P(})C(14) 1.8418(13), C(1)C(2) 1.4884(17),
lengths (A) and angles (deg): PAG(1) 1.688(2), P(1rC(14) 1.831(2), C(1)-C(8) 1.4908(17); C(2yC(1)-P(1) 115.66(9), C(8yC(1)-P(1)
C(1)-C(2) 1.486(2), C(1}C(8) 1.484(2), F(1}C(5) 1.358(2), F(2}C(11) 126.51(9), C(1)P(1)-C(14) 106.51(6), C(2)C(1)-C(8) 117.72(10),
1.363(2); C(1y¥P(1)-C(14) 107.14(9), P(HC(1)-C(2) 117.8(1), C(5)-0(1)—C(23) 117.86(13).

P(1)-C(1)-C(8) 126.5(1), C(2yC(1)~C(8) 115.7(2).

metricalparameters fdath, E-1e, andE-1f are tabulated in
Table 2 and, for comparison, the metrical parameters are
also provided for the closely related phosphaalkenes
13,11 40E-MesP=CPh(2PrGsH,),** MesP=C(4-BrGH,)(4-
MeOGsH,),*? and 1d.4?

The methoxy-substitute-1e and 2-pyridyl-substituted
E-1f possess slightly longer=FC bond lengthsie 1.7082-
(13) A; 1f, 1.7043(16) A) than those iba (1.692(3), 1.693-

(2) A) and 1b (1.688(2), 1.691(2) A). Overall, the=FC
bonds in P-mesityl phosphaalkenes are at the long end of
the range typically found for C-substituted phosphaalkenes
(1.61-1.71 A}" but are shorter than the=RC bonds in
inversely polarized phosphaalkenes (:1076 A)1c Inter-
estingly, the P-Cyes bonds for the P-mesityl phosphaalkenes
(ca. 1.83 A) are short compared with a typicat® single
bond (range: 1.851.90 A)43 The slight elongation of the
P=C bond and shortening of the-y,.s bond suggests some
sr-conjugation between the Mes group and tle@bonds.
However, the large angles between the Mes ax@Planes

(40) Mundt, O.; Becker, G.; Uhl, WZ. Anorg. Allg. Chem1986 540/

541, 319. Figure 3. Molecular structure of MesPC(Ph)(2-py) E-1f). Ellipsoids
(41) Smeets, W. J. J.; Spek, A. L.; van der Does, T.; Bickelhaupicta are drawn at the 50% probability level; hydrogen atoms are omitted for
Crystallogr., Sect. CL987, 43, 1838. clarity. Selected bond lengths (A) and angles (deg): PCI(L) 1.7043-

(42) These structures were reported as private communications to the CCD(16), P(1)-C(13) 1.8378(16), C(})C(2) 1.496(2), C(1)}C(7) 1.498(2);
(2004). Details of the synthesis were not provided. Spek, A. L.; Smeets, C(2)—C(1)—-P(1) 116.87(11), C(AC(1)-P(1) 125.41(11), C(HP(1)
W. J. J.; Lutz, M.; van der Does, T.; Bickelhaupt, F. Submission C(13) 107.80(7), C(2)C(1)—C(7) 117.48(13).
codes: IQOKUU and IQOKOO.

43) Characteristic bond lengths in free moleculeRC Handbook of . . .
( )Chemistry and Physics8ath ed.; CRC Press: Boca Raton, FL, 1IN each phosphaalkene (ca.°Ylre consistent with less

2003. m-conjugation between=PC and Mes than between the
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P=C and Akans (angle between planes: 2%.45.1°]. For
comparison, the angles between tke@bond and Ph planes
in the C—H functional phosphaalkendsMes*P=CHPH*
and E,E-PhHC=PArP=CHPH*“c are 14.2 and 22 respec-
tively. Of course, in addition to intramolecular electronic and
steric effects, the metrical parameters are also influenced by‘c) |
. . (b) "

intermolecular crystal packing effects. Nevertheless, the data(a) Y e ) v
do support the notion that there is sométeraction between

the aryl substituents and the=€ bond in P-Mes phos-
phaalkenes.

T
300

T T
100 50 0 -50

T T T T
250 200 150 -100 ppm

Figure 4. Reaction of AdP(Li)SiMgand G=CPh in THF. (a)3P NMR

The bond angles at phosphordsC—P=C, in all the spectrum of AdP(Li)SiMein THF (prepared from AdP(H)SiMet- MeLi);
(b) 3P NMR spectrum of2a (0 = 286) recorded immediately after

P—Mes phosphaalkenes are ca. LOkhis is chS|stent with O—CPh, was added to AdP(Li)SiMe (c) 1P NMR spectrum oBa (6 —
a high degree of s-character in the lone pair on phosphorus,28) formed from2a after 2 days in THF.

with the o-bonds being higher in p-character. The geom-
etry at C1 is essentially planar in each compound (sum of
angles 360(T)in each case). It is interesting to note that
Args (OP=C—C;s ~ 127) bends further away from the
P=C bond than Agans (HP=C—Cyans & 116°]. This fact
reflects the greater steric congestion between the Mes and
Ph groups in the former.

Thus far, we have shown that the base-catalyzed phospha-
Peterson reaction is a clean and simple method for phos-
phaalkenes bearing P-mesityl substituents and C-aryl sub-
stituents. Given our recent interest in phosphaalkaiyrene
copolymers as supports for Pd-catalyzed Suzuki coupling
reactions, we hypothesized that poly(methylenephosphines)
bearing bulky P-alkyl substituents (i.e., Ad) might give more
active catalyst4® It seemed logical to extend the base-
catalyzed phospha-Peterson reaction to P-adamantyl phos-
phaalkenes. Therefore, under conditions analogous to thoserigure 5. Molecular structure of (AdPCRJ3 (38). The structure contains

- ; ; _ THF of crystallization. The THF and all hydrogen atoms are omitted for
used to preparda—f, we treated AdP(SIWz with ben clarity. Ellipsoids are drawn at the 50% probability level. Selected bond

zophenone in the presence of a trace of KOH. The reac-|engths (&) and angles (deg): PER(1)* 2.1888(8), P(EC(1) 1.9452-
tion was monitored by!P NMR spectroscopy, and signals (15), C(1)-C(1)* 1.622(3), P(1)-C(14) 1.8929(16); C(}}P(1}-P(1)*
were observed that could bg attributed to unreacted AdP-;%f;fg()i)':(11}0%%)2_(%(’1)2?2?%3;(1?_’g&;‘*ﬂ%ﬁﬁ%’11&259((;7()1’)8(,313)
(SiMey); (6 = —106), the desired phosphaalkee)((0 = 109.41(10), C(2>C(1)-C(1)* 114.27(13), C(8)C(1)~C(1)* 114.65(13),
286), and an unknown product later determined t@&¢) C(8)-C(1)-C(2) 109.49(12).

= 28). Despite several attempts to improve the reaction

conditions or the isolation procedure®a could not be
generated quantitatively nor could it be separated from the

48 h) dimerizes to3a (0 = 28) according to*’P NMR
spectroscopy (Figure 4c).

other species. SiMe;
Ad_P\S'M MeLi
iMeg eLi
SiMeg Ph Ph Ad\P_P,Ad \ Li  1)O=CPh, Ph Ad. Ad
Ad—F’/ + O_C/ KOH P—C/ + L T’\?F geﬂux) Ad—P/ 2) Me;SiCl pog L 48h ﬁ’—ﬁ'
\ - ;T _C—C- MegSi Nainpe - LICI T ~C—C~
" cat ' Ph Ph
SiMeg ph (Ca)  ag Ph P?:h/ \Plfh MeLi SiMes . (Me,si),0 A Ph e Ph

- (Me3Si),0 ol 2 %
2a 3a H THF (-78°C -> RT)
Ad—F CH,

Given these difficulties, we attempted to use the standard SiMes
phospha-Peterson route (Scheme 1, R#tho accesa

The complete lithiation of AdP(SiMg requires reflux
conditions in THF. It is more convenient to prepare AdP-
(L)SiMez (d3p = —96.9) (Figure 4a) from the room-
temperature reaction of AdP(H)SiMand MeLi (1 equiv).

In contrast to the base-catalyzed reaction described above
treating the lithium phosphide with benzophenone results in
the clean, near quantitative formation2f (63, = 286) (see
Figure 4b). Unfortunately2ais not isolable and slowly (ca.

The molecular structure of the 1,2-diphosphetaBa), (
formed from the dimerization o2a, was confirmed using
X-ray crystallography (Figure 5). The 2] cycloaddi-
tion of phosphaalkenes is often observed when insuffi-
cient thermodynamic and/or kinetic stability is conferred to
the P=C bond, although formally, the dimerization is
symmetry forbidded?1m20.28.4649 phosphaalkenes have been
observed to dimerize with both head-to-tail (to 1,3-diphos-
phetanes) and head-to-head (to 1,2-diphosphetanes) regio-

(44) Yoshifuji, M.; Toyota, K.; Matsuda, |.; Niitsu, T.; Inamoto, N.; Hirotsu,
K.; Higuchi, T. Tetrahedron1988 44, 1363.
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chemistry, with head-to-tail cycloaddition being most com-
mon. However, it has been proposed that phosphaalkenes
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bearing larger P than C substituents will favor head-to-head copy; the spectroscopic data are shown in Table 3. In two

dimerization, because the long-P bonds and short-€C

instances?2b and 2c, phosphaalkenes were detected; how-

bonds in the 1,2-diphosphetane will reduce intramolecular ever, these species rapidly decomposed or self-oligomerized
steric repulsions better than in a 1,3-diphosphetane con-during attempted purification. Attempts to prepare phos-

taining four intermediate-length-FC bonds?” The observed
head-to-head dimerization @B, which possesses bulkier P

phaalkene2d bearing bulky CBu substituents were unsuc-
cessful, as AdP(Li)SiMg did not react with this very

than C substituents (Ad vs Ph), is consistent with these hindered ketone.

arguments.
1,2-Diphosphetan®a crystallizes with a molecule of THF

We conclude that P-adamantyl phosphaalkenes bearing
solely C-aryl or C-alkyl substituents will be difficult to isolate

in the unit ceII; hOWEVEf, there is no close contact between at ambient temperature_ To the best of our know|edge’ the

THF and3a. The two P-C units of the nonplanarzE; ring

in 3a are related by a 2-fold rotation axis, with the P-Ad
substituents in an anti configuration to minimize steric
repulsion. Interestingly, the ring bond lengths Ba
(P(1-C(1), 1.9452(15) A; C(BC(1)*, 1.622(3) A) are
significantly longer than typical PC and C-C single bonds

(1.85 and 1.55 A, respectively) and are longer than those

found in the seven related compounds with 1,&Pings
(P—C, range 1.851.93 A, average 1.90 A; €C, range
1.47-1.62 A, average 1.55 A§50-% In contrast, the PP
bond (P(1>-P(1)*, 2.1888(8) A) is slightly shorter than a
typical P-P bond (2.22 A) and shorter than that found in
other 1,2-diphosphetanes<P, range 2.262.25 A, average
2.23 A)4350-56 The exocyclic P-Cag bond (P(1}-C(14) =

1.8929(16) A) is considerably shorter than the aforemen-

tioned endocyclic PC bonds (P(1)C(1), 1.9452(15) A).

Presumably, these bond lengths reflect the strain of the

four-membered ring. Consistent with this notion of ring
strain in 3a are the very small ring bond angles at phos-
phorus (C(1)}P(1)-P1* = 79.04(4) °) and carbon
(P(1)-C(1)—-C(1)* = 94.93(5)°).

Given that2a dimerizes readily, we attempted to prepare

only isolable P-adamantyl phosphaalkene is the C-hetero-
atom-substituted [AdRC(OSiMe)'Bu],>” which was pre-
pared using the Becker reaction (Scheme 1, pattOn the
basis of the fact thata (P-Mes) is isolable an@a (P-Ad)
readily dimerizes t@®a, it is tempting to conclude that the
m-conjugation between the Mes group and tke@Pbond is

a key factor in the higher stability dfacompared to that of

2a. In addition, Mes may provide better steric protection to
the P=C bond than Ad. In contrast, the opposite trend in
stability is observed for phosphaalkynes; namely, &#iC
can be stored indefinitely at ambient temperafinghereas
MesG=P decomposes slowly at 2B °° These observations
reinforce the delicate balance of steric and electronic factors
that affect the stability of low-coordinate phosphorus com-
pounds.

Summary

We have shown that the base-catalyzed phospha-Peterson
reaction is a general and convenient synthetic route to
P-mesityl phosphaalkenes bearing C-aryl substituents. These
compounds have been thoroughly characterized, *3Rd

P-adamantyl phosphaalkenes bearing varying degrees oNMR spectroscopic analysis & 1e suggests that a facile

steric bulk at carbon with the objective of finding an isol-

thermal or photochemicaE/Z isomerization occurs in

able species. The success of each reaction was measuregblution. Interestingly, the X-ray crystal structures Idf,

by monitoring each reaction usinfP NMR spectros-

E-le and E-1f are consistent with some-conjugation
between the £C bond and the aryl substituents. Attempts

(45) When hindered phosphines bearing Ad-substituents are employed astg extend the base-catalyzed phospha-Peterson reaction to

ligands in transition-metal-catalyzed reactions (i.e., Sonogashira
amination, Suzuki coupling) high activities are often observed. For
recent work showing the utility of Ad-phosphines in catalysis, see:
(a) Stambuli, J. P.; Bul, M.; Hartwig, J. F.J. Am. Chem. So002

124, 9346. (b) Stambuli, J. P.; Kuwano, R.; Hartwig, J.Ahgew.
Chem., Int. EJ2002 41, 4746. (c) Kdlhofer, A.; Pullmann, T.; Plenio,

H. Angew. Chem., Int. EQR003 42, 1056. (d) Zapf, A.; Ehrentraut,
A.; Beller, M. Angew. Chem., Int. E200Q 39, 4153. Rataboul, F.;
Zapf, A.; Jackstell, R.; Harkal, S.; Riermeier, T.; Monsees, A.;
Dingerdissen, U.; Beller, MChem—Eur. J. 2004 10, 2983.

(46) Zhou, X.-G.; Zhang, L.-B.; Cai, R.-F.; Wu, Q.-J.; Weng, L.-H.; Huang,
Z.-E. J. Organomet. Chen200Q 604, 260.

(47) Becker, G.; Becker, W.; Uhl, G.; Uhl, W.; Wessely, HRhosphorus
Sulfur Relat. Elem1983 18, 7.

(48) Grobe, J.; Le Van, DAngew. Chem., Int. EA984 23, 710.

(49) Fild, M.; Jones, P. G.; Ruhnau, K.; Tim C.Z. Naturforsch.1994
49h, 1361.

(50) Brieden, W.; Kellersohn, TChem. Ber1993 126, 845.

(51) Weber, L.; Frebel, M.; Miler, A.; Bdogge, H.Organometallics1 991,

10, 1130.

(52) Huy, N. H. T.; Ricard, L.; Mathey, FOorganometallics1991, 10, 3958.

(53) Weber, L.; Frebel, M.; Boese, Rhem. Ber199Q 123 733.

(54) Appel, R.; Knoch, F.; Kunze, HChem. Ber1984 117, 3151.

(55) Chernega, A. N.; Antipin, M. Y.; Struchkov, Y. T.; Kukhar, V. P.;
Shevchenko, I. V.; Kolodyazhnyi, O. I.; Boldeskul, I. E. Strukt.
Khim. 1984 25, 122.

(56) Appel, R.; Barth, V.; Halstenberg, M.; Huttner, G.; von Seyerl, J.
Angew. Chem., Int. EA979 18, 872.

" the preparation of P-adamantyl phosphaalkenes were unsuc-
cessful, as the intermediate phosphaalkenes were observed
to self-oligomerize on workup. In one instance, a 1,2-
diphosphetane dimer3§) was isolated and structurally
characterized.

The P-mesityl phosphaalkenes reported herein are attrac-
tive monomers for addition polymerization studies. In
addition, the 2-pyridyl-substituted phosphaalkegelf) is
of considerable interest as a chelating ligand for transition
metals. These investigations are currently underway and will
be reported separately.
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