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Summary — Electron-rich dienes are well suited to cycloaddition reactions with unstable phosphaalkene-Mo(CO)s complexes.
The chemical properties of the resulting adducts have been examined briefly. (1-Phospha-1,3-diene)Mo(CO)s complexes are
generated transiently from the corresponding 1,2-dihydrophosphetes and reacted with various dienophiles in Diels-Alder-like
reactions. The above cycloadditions offer a general approach to dihydro- or tetrahydrophosphinines which are intermediates

in the synthesis of new phosphinine derivatives.
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Recent studies of transient phosphaalkene- and
1-phospha-1,3-diene-W(CO)s complexes have high-
lighted their reactivity as dienophiles and dienes in
Diels-Alder-like reactions [1, 2]. The present work shows
the scope and limitations of such cycloaddition reac-
tions and represents a further development of these
studies.

We have demonstrated previously that various
phosphaalkene-M(CO)s complexes may be easily pre-
pared by a “phospha-Wittig” reaction [3] of the phos-
phorylphosphane complexes 1 with a range of carbonyl
derivatives (eq 1).
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Depending upon their substitution pattern, the prod-
ucts are either stable compounds or reactive transients.
These unstable species can be trapped in situ by a num-
ber of reagents. We note particularly their reactivity
towards an excess of 2,3-dimethyl-1,3-butadiene, which
gives the corresponding [4+2] cycloadducts 3 (eq 2) [1].

Most of these cycloaddition reactions have been per-
formed using P-phenyl-substituted phosphaalkene com-
plexes. Our attempts to apply such Diels-Alder reac-
tions to P-tertio-butyl-substituted phosphaalkene com-
plexes (2a : M = W, R = tBuy, R! = H, R? = iPr and
2b: M = Mo, R = tBu, R! = H, R? = 2-pyridyl) were
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unsuccessful, owing to poor reactivity of the diene at
low temperatures. Cyclopentadiene proved to be a more
efficient trapping reagent for hindered phosphaalkene
complexes [4], but this range of dienes was clearly too
restricted to be synthetically useful. Thus, we tested
more electron-rich open chain dienes as cycloaddition
reagents for phosphaalkene complexes and carried out
a preliminary study of the resulting adducts. Electron-
rich dienes have been extensively used as cycloaddition
reagents for free phosphaalkenes [5].

Phosphaalkenes 2b-f were chosen as representative

substrates.
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2b M = Mo, R? = 2-pyridyl
2c M=W, R?=2-pyridyl

2d M= Mo R? = 6-methyl-2-pyridyl
2¢ M = Mo, R? = 2-thienyl
2f M = Mo, R? = 2-furyl



Complexes 2b and 2c were formed by reaction
of 2-pyridinecarboxaldehyde with 1b and 1a, re-
spectively. Complexes 2d, 2e and 2f were gener-
ated in an analogous fashion from 1b and 6-methyl-
2-pyridinecarboxaldehyde, 2-thiophenecarboxaldehyde
and 2-furancarboxaldehyde respectively. The phos-
phaalkene complexes 2b-f were reacted in situ with ex-
cess diene, as shown in eq 3 and table I.
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Table I. [4+2] Cycloaddition reactions between phospha-
alkene-M(CO)s complexes and dienes.

Starting Diene Product R? Yield
compound,
phosphaalkene
b, 2b 7 N—oMe 4a @ 63%
Megsi%_\—o
2b Me  4b -@ 69%
2d 7 N\—0SiMe; 4c @ 40%
Me3Si e
1a, 2c O)—\_OMQ 4d —@ 0%
1ib, 2e 4e @ 50%
2f a1

Q

1-Methoxy-1,3-butadiene, 1-(trimethylsilyloxy)-1,3-
butadiene and Danishefsky’s diene were efficient trap-
ping reagents for phosphaalkene complexes 4a-f. Such
electron-rich dienes operate at very low temperatures
(—78 to 25°C), and are ideally suited to cycloaddition
reactions with unstable species.

In each reaction in table I, the final product 4 is
obtained as a single isomer, which reflects the excel-
lent stereocontrol in both the synthesis of the inter-
mediate phosphaalkene (E isomer) and the cycloaddi-
tion reaction. The observed regiochemistry is consistent
with a cycloaddition reaction under electronic control,
governed by the strong electronic polarization of the
phosphaalkenes (P%+C%~) and the dienes involved. The
stereochemistries of complexes 4, (eq 3) were estab-
lished by 'H NMR spectroscopy.

The chemical properties of the new phosphorus hete-
rocycles 4a-f have been examined briefly. As expected,
compounds 4b-f are acid- and base-sensitive : hydrol-
ysis of 4d with aqueous HCI affords the corresponding
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keto-derivative 5, while methanolysis of complexes 4b,
4e-f yields the unsaturated ketones 6.
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The pyridyl-substituted phosphorus heterocycles are
PN bidentate ligands whose chelating properties have
been demonstrated as follows. Methanolysis of the
molybdenum complex 4b at room temperature directly
affords the P-N chelated complex 6b by displacement of
a CO ligand (see eq 5). Heating of the W(CO)5 complex
4d at about 80°C affords the corresponding W(CO)4
chelated complex 7a.
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The various heterocyclic ligands described above
are easily removed from the corresponding molyb-
denum complexes either by reaction with sulfur
(eq 6) or through a ligand displacement reaction.
Bis(diphenylphosphino)ethane (dppe) proved highly ef-
ficient for this purpose [6], as shown in eq 7.
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4a (R2=2-pyridyt) 8

(6)

To illustrate the synthetic potential of the cycload-
dition reactions between phosphaalkenes and dienes
shown in eq 3, we tested the conversion of 9a and 9b
into phosphinine derivatives. G. Markl et al have pre-
viously reported that tetrahydrophosphininones, which
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are analogues of 9, are suitable precursors for various
phosphinine derivatives [7]. Accordingly, we were able
to convert compounds 9a and 9b into phosphinines
by enolization of the carbonyl function and subsequent
thermolysis (eq 8).
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Compound 10a is a new representative of the very re-
stricted series of 2-pyridylphosphinines [8] whose chem-
istry is poorly developed.

The reaction sequence described here (eq 3-8) should
afford a general access to a wide variety of new, func-
tionalized phosphinines. The large number of aldehy-
des available for the “phospha-Wittig” conversion into
phosphaalkene complexes makes this a rather versatile
route. Considering the trapping reaction with electron-
rich dienes, a number of strategies for the conversion
of phosphaalkene complexes analogous to 4 into phos-
phinines may be envisaged, of which only one has been
tested here. Whilst it is synthetically rather cumber-
some, this approach could be applied to target species
which are otherwise inaccessible.

The [442] Diels-Alder cycloaddition reaction of
1-phospha-1,3-diene complexes and dienophiles has
been even less extensively investigated than the cy-
cloadditions between dienes and phosphaalkene com-
plexes. Previous work [2] has shown that a (1-phospha-
1,3-butadiene) W(CO)5 complex, transiently generated
by a concerted ring-opening reaction of the correspond-
ing 1,2-dihydrophosphete complex 11, may be trapped
in situ by dienophiles such as N-phenylmaleimide
(eq 9), benzaldehyde and dimethyl acetylenedicarboxy-
late.

To expand the potential of this rather useful reaction.
we prepared some new 1,2-dihydrophosphete complexes
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by reaction of the “phospha-Wittig” reagent 1b with
a,3-unsaturated aldehydes [9].

When 2-phenyl-2-pentenal, 3-ethoxy-2-methyl-2-prop-
enal or 2-methyl-3-phenyl-2-propenal react with 1b, the
intermediate 1-phospha-1,3-butadienes cyclize sponta-
neously to afford the four-membered rings 12a-c.
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The final products were characterized as mixtures
of two isomers. Complexes 12a-c have been tested in
cycloaddition reactions with N-phenylmaleimide. The
reactivity of the dihydrophosphetes appears to be highly
dependent upon their substitution pattern. In the case
of complexes 12a and 12¢, no reaction is observed up
to about 110°C, at which temperature an unexploitable
decomposition occurs. On the other hand, complex 12b
reacts quantitatively with N-phenylmaleimide at room
temperature (eq 11) within 1 h. This result shows that
12b equilibrates with its 1-phosphabutadiene isomer
even under ambient conditions.

12a R=Et R'=Ph 58%
12b R=OEtR'=Me 75%
12c R=PhR'=Me 54%

(10)
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Table II. [442] Cycloaddition reactions of 12b with

alkynes.

Entry —=7 Conditions Product Yield
1 MeO,C—C=C—C0Oz;Me 40°C, 4 h 13b  60%
2 EtO,C—C==C—Ph 80°C,24h 13c 45%
3 H—C=C—Ph 75°C,2h 134 36%

| A
1 H—C=C—X 2~ 70°C,1h  13e  30%

In order to exploit its high reactivity, complex 12b
was also used as a diene precursor in the reaction
with the various alkynes reported in table II. As ex-
pected, the electron-rich 4-ethoxy-substituted diene is
an excellent cycloaddition reagent. Even poorly acti-
vated alkynes (entries 3 and 4) react under mild condi-
tions. This reactivity is considerably higher than for the



2-ethoxy-substituted species derived from 11, which
only reacts with N-phenylmaleimide at 120°C [2]. In
the case of unsymmetrical alkynes, the reaction with
12b is regioselective. Steric rather than electronic fac-
tors seem to control this selectivity, as shown in entries
2, 3 and 4. We did not observe any correlation between
the regiochemistry of the final products and the polar-
ization of the alkyne used. Therefore, from the reactions
above, we can draw no conclusions on the effect of the
ethoxy substituent on the polarization of the phospha-
diene moiety.

The inertness of the electron-poorer 1,2-dihydro-
phosphete molybdenum complexes 12a and 12c¢ toward
N-phenylmaleimide up to 110°C poses questions con-
cerning the 1,2-dihydrophosphete/1-phospha-1,3-diene
equilibrium in these complexes. Is it ineffective, or is the
reactivity of the diene inadequate 7 The second hypoth-
esis is supported by the experiments reported below.

Reaction of 12¢ with benzoquinone (eq 13) led to
the spirocyclic derivative 14a as a mixture of two
isomers. This very rapid cycloaddition showed that the
equilibrium between the 1,2-dihydrophosphete and the
open diene is quite effective, at least around 110°C.
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The analogous reaction of complex 12b with naph-
thoquinone at 55°C led to a mixture of three products
as a result of cycloadditions at either the carbon-carbon
double bond or the carbonyl function (eq 14).
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intend
to show that the cycloaddition reaction between

In the final part of this work we
1-phosphabutadienes and alkynes provides an al-
ternative approach to phosphinine derivatives to
the best known [4+2] cycloadditions between phos-
phaalkenes and dienes. This is demonstrated for the
1,4-dihydrophosphinine complexes 13b and 13c. De-
complexation of these phosphorus heterocycles by a
ligand exchange reaction, followed by thermolysis af-
forded the target phosphinines (eq 15).

From a preparative standpoint, the second reaction
is of little value, as a mixture of two phosphinines
17c and 17d is obtained through elimination of the H
and OEt groups, respectively. On the other hand, the
first example in eq 15 affords exclusively the 4-ethoxy-
substituted phosphinine 17b.

These preliminary results demonstrate that phos-
phinines may be obtained through a synthetic strategy
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based upon cycloadditions between 1-phospha-1,3-diene
complexes and alkynes. The corresponding reactions
of uncomplexed 1-phospha-1,3-dienes towards alkynes,
and the ring opening of uncomplexed phosphetenes to
1-phospha-1,3-dienes are not well understood at present
(10]. The next step of this work will be a compar-
ative study of the behavior of complexed and free
1,2-dihydrophosphetes with respect to ring opening and
Diels-Alder reactions.

Experimental section

All reactions were carried out under argon in dry solvents.
Silica gel was used for chromatographic separations. NMR
spectra were recorded on a Bruker AC 200 SY spectrometer
operating at 200.13 MHz for 'H, 50.32 MHz for *C and
81.01 MHz for *1P. Mass spectra were obtained at 70 eV with
a Shimadzu GC-MS QP 1000 instrument by the direct inlet
method. Elemental analyses were performed by the Service
d’analyse du CNRS, Gif-sur-Yvette, France.

[tert-Butyl(diethoxyphosphoryl)phosphine] W(CO)s and
Mo(CO)s complexes (1a and 1b) were prepared accord-
ing to published procedures [11]. 1-Methoxy-1,3-butadiene,
|-(trimethylsilyloxy)-1,3-butadiene and Danishefsky’s diene
were purchased from Aldrich-Chimie.

Cycloaddition of unstable phosphaalkene complexes with
dienes. General Procedure

A solution of complex 1a (or 1b) (2 mmol) in THF was
cooled to —78°C. nBuLi (1.4 mL, 1.6 M solution in hex-
ane) was then added. After a few minutes an excess diene

(4 mmol) and the suitable aldehyde (2.2 mmol) were added

successively. The reaction mixture was allowed to warm to

0°C and hydrolyzed. After extraction with ether and drying
over MgSQy, the final product was purified by crystalliza-
tion from ether/hexane mixtures.

4a : two compounds in a 90:10 ratio were observed in
the reaction mixture by 3P NMR. The major product was
recovered in 63% yield after crystallization.

*'p NMR (THF) 6 37.4.

'"H NMR (Ce¢Deg) 6 0.66 (d, 3Ju_p = 13.6 Hz, CMes),
1.89 (ABX, %Jap = 16.0 Hz, *Ju_p = 7.0 Hz, 1H,
CHz), 2.16 (m, AB, 1H, CHj), 2.84 (s, OCHj3), 3.34
(dd, *Ju_p = 13.5 Hz, ®Ju_u = 10.0 Hz, PCH), 4.64
(d, *Ju_n = 10.0 Hz, CHOMe), 5.5-5.7 (m, 1H, =CH),
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58-59 (m, 1H, =CH), 6.56 (1H, Py), 6.8-7.0 (2H, Py).
8.4 (d, 3Ja_y = 4.3 Hz, 1H, Py).

B NMR (CeDe) 6 25.50 (d, L Jc_p = 16. 1 Hz, PCH;), 26.50
(d, 2Jc—p = 5.0 Hz, [CMeg), 32.58 (d, Ue-p = 13.1 Hz,
PCMes), 47.78 (d, 'Jo_p = 10.6 Hz, PCH), 57.25 (s,
OMe), 81.08 (d, *Jo_p = 9.1 Hz, CHOMe), 122.1, 124.03,
125.48 (d, Jo-p = 2.5 Hz), 130.70 (d, Je—p = 5.0 Hz),
135.82, 149.25, 158.35 (C), 207.15 (d, 2Jc_p = 8.6 Hz,
cis CO) ppm.

Mass spectrum (**Mo) m/e (relative intensity) 473 (M-CO,
13), 445 (M-2CO, 19), 417 (M-3CO, 26), 389 (M-4CO.
39), 205 (M-Mo(CO)s-C4Hio, 100).

IR (decalin) v (CO) 1940 cm™’.

Anal calc for C20H2206N Mo P : C, 48.11; H, 4.44; N, 2.81.
Found : C, 48.06; H, 4.37; N, 2.93.

Minor product : 3'P NMR (THF) é 33.6 ppm. Given
that the 1-methoxy-1,3-butadiene used in this reaction is a
mixture of isomers, the minor product should be a stereomer
of 4a.

4b : A single isomer of 4b was observed in the reaction
mixture. 4b was recovered in 69% yield after crystallization.

31p NMR (C¢Ds) 6 34.4.

"H NMR (CeDs) 6 0.26 (s, SiMes), 0.69 (d, *Jy-p = 13.8 Hz.
CMes), 2.29 (AB, *Jag = 16.1 Hz, 1H, PCH),
2.7 (m, AB, 1H, PCH,), 2.90 (s, OMe), 3.37 (dd,
?Ju-p = 13.8 Hz, PCH), 4.83 (m, 3Jy_n = 9.5 Hz.
Ju-n = 2.3 Hz, CHOMe), 5.29 (broad, 1H, =CH), 6.6
(m, 1H), 6.9-7.0 (m, 2H), 8.45 (d, 3Jy_g = 4.7 Hz, 1H).

13c NMR (Cs¢Dg) & -0.19 (s, Si Meg), 2639 (d,
2Jc_p = 5.5 Hz, CMes), 31.24 (d, 'Je-p = 16.1 Hz,
PCHa), 32.40 (d, 'Jc-p = 12.6 Hz, PCMejs), 47.79 (d,
'Joc—p = 11.1 Hz, PCH), 56.24 (. OMe), 81.05 (d,
2Jc-p = — 116 Hz, CHOMe), 105.93 (s, =CH), 122.14,
125.54, 135.92, 148.92 (C), 149.32, 158. :34(C), 206.89 (d,
YJc-p = 8.6 Hz, cis CO), 210.17 (d. 2Jo_p = 24.1 Hz,
trans CO) ppm.

Mass spectrum (®*Mo) m/e (rel intensity) 561 (M-CO, 10),
533 (M-2CO, 17), 505 (M-3CO, 23), 262 (C,3H,;7NOPSi,
100).

IR (decalin) v (CO) 1940, 2030 cm™?

Anal calc for Co3H3007NP Mo Si : C, 47.02; H, 5.15:
N, 2.38. Found : C, 47.07; H, 5.26; N, 2.66.

4c : A single isomer was obtained after crystallization, in
40% yield.

3P NMR (CDCl3) 6 37.1.

'H NMR (CDCl3) & —023 (s, OSiMes), 0.98 (d,
JH P = 13.6 HZ Cl\'{ea) 2.24 (m, AB, 1H CHz)
2.56 (s, CHj), 27-2.9 (m, AB, 1H, CH,), 3.45 (dd,
2Ju-p = 13.5 Hz, ®Jy_u = 9.5 Hz, PCH) 4.98 (broad
d, CHOSiMes), 5.7-6.0 (m, 2H, CH=CH), 7.01 (d,
3Ju_n = 7.6 Hz, 2H), 7.46 (t, lH)

3C NMR (CDClg) 5§ —0.43 (OSiMes), 24.01 (CHas),
25.66 (d 'Jop = 168 Hz, PCH;), 26.98 (d,
2Jo—p = 5.1 Hz, CMea) 33.41 (d, 'Jc—p = 13.4 Hg,
CMeg), 49.28 (d 'Jo_p = 9.7 Hz, PCH), 72.65 (d,
2Joc-p = 9.8 Hz, CH- OTMS), 121.84, 123.13, 123.33,
133.77 (d, %Jc- P = 4.7 Hz), 136.1, 157.15 (C). 158.76
(C), 206.78 (d, 2Jc—p = 8.3 Hz, cis CO) ppm.

4d : A single isomer of 4d was obtained in 60% yield. as

a colorless solid : mp 141°C.

31P NMR (CgDs) & 18.8 (*Jp_w = 249 Hz).

'H NMR (CeDs) 6 0.26 (s, SiMes), 0.69 (d, >Ju_p = 14.1 Hz,
CMes), 2.40 (AB, *Ja.p = 16.1 Hz, 1H, PCHj),
29 (m, AB, 1H, PCH), 2.90 (s, OMe), 4.15 (dd,

*Ju—p = 13.3 Hz, *Ju_n = 9.5 Hz, PCH), 4.83 (m
3Ja—n = 94 Hz, Jy_g = 2.2 Hz, CHOMe), 5.29
(br, 1H, =CH), 6.6 (m, 1H), 6.9-7.0 (m, 2H), 8.45 (d,

Ju-n = 4.6 Hz, 1H).

3C NMR (CeDs) 6 0.18 (Si Me3) 26.44 (d, 2Jc-p = 4.5 Hz,
CMes), 32.1 (d, *Jo-p = 20.6 Hz, PCH2), 33.3 (d,
'Je—p = 17.1 Hz, PCMe), 47.7 (d, 'Jc-p = 14.6 Hz,
PCH), 56.31 (s, OMe) 81.14 (d, ®Jo-p = 10.1 Hz,
CHOMe), 105.70 (s, =CH), 122.21, 125.68, 135 97, 148.82
(C), 149.40, 158.01 (C), 198.12 (d, 2Jop = 6.5 Hz, cis
CO) ppm.

Mass spectrum (*%*W) m/e (rel intensity) 647 (M-CO, 21),
619 (M-2CO, 60), 563 (M-4CO, 25), 479 (M-5CO-C4Ho,
100).

R (decalin) v (CO) 1930 (vs), 1940 (sh), 2065 (m) cm™*.

Anal calc for Ca3H3oNO7 P SiW : C, 40.90; H, 4.48. Found :
C, 40.86; H, 4.29.

e : A single isomer was obtained in 50% yield after
crystallization.

3P NMR (CDCl;) 6 37.62.

'H NMR (CDCls) 6 0.29 (s, OSiMes), 1.09 (d,
SJu-p = 13.9 Hz, CMe3), 2.29 (AB, 2Jap = 16.2 Hz,
1H, PCH:), 2.94 (m, 1H, PCH;), 3.16 (s, OMe), 3.70
gdd, 2Ju_p = 13.8 Hz, *Ju_n = 9.5 Hz, PCH), 4.39 (m
Ju-u = 9.6 Hz, Ju_n = 2.6 Hz, CHOMe), 5.10 (1H,
=CH), 7.0 (m, 1H), 7.15 (m, 1H), 7.25 (m, 1H).

BC NMR (CDCly) 6 0.17 (s, SiMesz), 26.64 (d,
2Jo—p = 4.5 Hz, CMe3), 31.43 (d, 'Je_p = 15.7 Hz,
PCH,), 33.26 (d, Jo_p = 12.9 Hz, CMes), 43.92 (d,
'Je_p = 9.7 Hz, PCH), 56.84 (s, OMe), 82.19 (d,
2Jc—p = 13.6 Hz, CHOMe), 105.84 (s, =CH), ... 206.03
(d, 2Jc—p = 8.5 Hz, cis CO) ppm.

Mass spectrum (**Mo) m/e (relative intensity) 566 (M-CO,
11), 510 (M-3CO, 68), 482 (M-4CO, 26), 454 (M-5CO,
19), 356 (M-5CO-Mo, 100).

4f was obtained by reaction of 1b with 2-furancarbox-
aldehyde in the presence of 1-methoxy-3-(trimethylsilyloxy)-
1,3-butadiene. It was characterized only by 3'P NMR in the
reaction mixture and hydrolyzed directly to the correspond-
ing phosthmone 6f, as shown below.

4f : 3'P NMR (THF) 6 35.8 ppm.

Hydrolysis and methanolysis reactions of complexes 4

a) Addition of HCl.q (3 N solution) to a solution of complex

4d (2.0 g, 3.0 mmol) in THF and stirring at room temper-

ature for 6 h afforded quantitatively complex 5, which was
recrystallized from a CH2Cl;/hexane mixture. 5 : colorless
solid, mp 163°C (dec).

3P NMR (THF) 6 24.2 (*Jp_w = 249 Hz).

'"H NMR (CgDg) 6 0.78 (d, 3Ju_p = 15.0 Hz, CMe;3)
2.14 (dd, *Jy-u = 14.2 Hz, *Jy_g = 9.9 Hz, 1H,
CH,CHOMe), 2.71 (AB, *Jao_p = 11.4 Hz, 1H, PCH,),
2.71 (s, OMe), 2.90 (AB,*Ja_p = 11.4,2Jy_p = 11.4 Hz,
1H, PCH,), 3.05 (dd, 2Ju-n = 14.2 Hz, *Ju_n = 4.4 Hz,
1H, CH,CHOMe), 3.49 (dd, ?Ju_p = 12.2 Hgz,
3Ju—u = 9.6 Hz, PCH), 4.17 (m, 1H, CHOMe), 6.59 (t,
1H), 6.83 (d, 1H), 7.01 (m, 1H), 8.38 (d, *Ju—_u = 4.3 Hz,
1H)

C NMR (Ce¢Dg) & 2646 (d, 2Jo_p = 5.0 Hz,
CMes), 34.11 (d, *Jo—p = 15.1 Hz, CMes), 43.11 (d,
'Jo-p = 8.1 Hz, PCH,CO), 47.39 (s, COCH,CH), 49.82
gd, 'Je—p = 11.6 Hz, PCH), 57.38 (s, OMe), 79.24 (d,

Je—p = 7.5 Hz, CHOMe), 122.46, 125.26, 136.20, 149.51,
157.52 (C), 197.35 (d, 2Jo—p = 7.05 Hz, cis CO), 199.44
(s, CH,COCH3) ppm.

Mass spectrum (***W) m/e (relative intensity) 575 (M-CO,

23), 547 (M-2CO, 43), 406 (M-5CO-C4Hy, 100).



Anal calc for CooH22NO7PW : C, 39.82; H, 3.68. Found :
C, 39.57; H, 3.69.

b) An excess of MeONa (2 mmol in MeOH) was added
to solutions of complexes 4b,e,f (1 mmol) in ether at 0°C.
After stirring for 2 h at room temperature the reaction
mixture was hydrolyzed at 0°C with aqueous HCI. The final
product was purified by column chromatography on silica
gel.

6b was obtained from 4b in 90% yield after chromato-
graphy with hexane/ether (60:40) as eluent. 6b : yellow
solid ; mp 170°C (dec).

3P NMR (CDCl3) & 28.4 ppm.

'H NMR (CsDs) 6 0.71 (d, 3Ju-p = 15.0 Hz, CMej3),
2.4 (AB, 2Jap = 23 Hz, *Ju_p = 4.7 Hz, 1H, PCH,),
2.6 (m, AB, 1H, PCHy), 2.9 (2H, CO CHy), 5.52 (dt,
3Ju-p = 15.6 Hz, 3Ju_n = 4.1 Hz, PC=CH), 6.01 (m,
1H), 6.32 (d, *Ju_u = 7.7 Hz, 1H), 6.65 (m, 1H), 8.50
(d, ®Ju_n = 4.9 Hz, 1H).

3¢ NMR (CDCl3) 6 26.24 (d, *Je-p = 7.0 Hgz,
CMes), 34.38 (d, 'Jo_p = 11.6 Hz, CMes), 38.48
(d, “Je—p = 9.1 Hz, PCH), 41.61 (s, COCH>).
121.14 (C=CH), 122.90, 135.33 (C), 135.82, 138.40,
155.24, 161.29 (d, *Jc-p = 21.1 Hz, NC), 201.41
(d, 2Je_p = 86 Hz, PCH,COCH.), 208.19 (d,
Jo_p = 7.5 Hz, CO), 210.08 (d, *Jc-p = 9.1 Hz,
CO), 21569 (d, *Je—p = 33.2 Hz, CO), 220.96 (d,
2Jc-p = 7.5 Hz, CO) ppm.

Mass spectrum (**Mo) m/e (rel intensity) 457 (M, 11), 345
(M-4CO, 23), 190 (M-Mo(CO)4-C4Hg, 100).

6e was obtained from 4e in 45% vield after chromato-
graphy. Yellow oil.

31p NMR. (CDCl3) § 50.9.

'H NMR (CDCl;) 6 1.15 (d, *Jy_p = 15.3 Hz, CMey), 3.07
(AB, 2Ja_p = 12.9 Hz, >Ju_p = 2.4 Hz, 1H, PCH>), 3.2
(m, 2H), 3.34 (AB, ?Ja_p = 12.9 Hz, Ju_p = 4.1 Hz,
1H, PCH,), 6.50 (dt, *Ju-p = 20.3 Hz, °*Jy_u = 3 Hg,
=CH), 6.93 (m, 1H), 7.05 (m, 1H), 7.20 (m, 1H).

13C NMR (CDCl;) 6 27.57 (d, *Jo-p = 6.4 Hz, CMes),
34.98 (d, 'Je-p = 11.2 Hz, CMey), 42.81 (s, COCH,),
43.23 (d, 'Je-p = 7.4 Hz, PCH,), 12588, 127.23,
127.7, 130.29 (d, Jo-p = 19.1 Hz, C), 139.19, 141.70
gd, Jo-p = 18.1 Hg, C), 200.75 (C=0), 205.39 (d,

Jo-p = 7.9 Hz, cis CO), 209.34 (d, *Jc_p = 24.6 Hz,
trans CO) ppm.

Mass spectrum (**Mo) m/e (rel intensity) 490 (M, 15), 462
(M-CO, 26), 434 (M-2CO, 11), 406 (M-3CO, 92), 378
(M-4CO, 38), 350 (M-5CO, 74), 252 (M-5CO-Mo, 100).

6f was obtained by hydrolysis of the crude 4f. Yield 40%
from 1b. Colorless oil.

31p NMR (CDCl3) 6 48.2.

'H NMR, (CDCl3) 6 1.12 (d, > Ju-p = 15.
(AB, 2Ja-p = 12.9 Hz, ?Ju_p = 3.0 Hz, 1H, PCH2),
3.2 (m, 2H, COCH,), 3.30 (AB, *Ja-p = 12.9 Hz,
2Ju-p = 3.8 Hz, 1H, PCHy), 6.35 (s. 2H), 6.58 (dt,
3Ju-p = 20.3 Hz, *Jy_u = 4.3 Hz, =CH), 7.3 (s, 1H).

3C NMR (CDCl3) & 2726 (d, *Jo-p = 6.9 Hz,
CMegs), 34.67 (d, "Je_p = 12.1 Hz, CMej3), 42.49 (s,
COCH,), 4292 (d, 'Jo-p = 7.9 Hz, PCHy), 108.51
(d, 2Jc—p = 3.8 Hz, C=CH), 11159, 126.91 (d,
1Je-p = 20.2 Hz, P-C=), 135.66, 142.21, 152.89 (d,
2Jc_p = 144 Hz, C), 20067 (d. *Jo-p = 5.6 Hz,
C=0), 205.37 (d, 2Jc_p = 8.6 Hz, cis CO), 209.72 (d
2Je_p = 25.2 Hz, trans CO) ppm.

Mass spectrum (%Mo) m/e (relative intensity) 474 (M, 9),
446 (M-CO, 21), 418 {M-2C0O, 26), 390 (M-3CO, 26),

15.5 Hz, CMes), 3.05
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362 (M-4CO, 23), 334 (M-5CO, 57), 236 (M-5CO-Mo,
68), 180 (236-C4Hs, 100).

Synthesis of the P,N chelated complex Ta

Complex 4d was heated in toluene at 80°C for 8 h to afford

quantitatively the chelated complex 7Ta : yellow solid.

3P NMR (CeDs) 6 41.0 (*Jp_w = 242 Hz).

'H NMR (C¢Ds) 6 0.15 (s, Si Me3), 0.81 (d, *Ju-p = 14.6 Hz,
CMe3), 2.60 (AB, ?*Ja_p = 16.6 Hz, 2Jy_p = 8.0 Hz,
1H, PCHy), 2.76 (s, OMe), 3.1-3.3 (m, 2H), 4.0 (m,
1H, CHOMe), 5.18 (3br, 1H, =CH), 5.93 (m, 1H), 6.70
(m, 1H), 6.95 (d, *Ju_n = 7.8 Hz, 1H), 8.85 (d,

Ju-u = 5.6 Hz, 1H).

G NMR (CsDg) 6 0.02 (SiMe3), 25.17 (d, 2Jo-p = 6.0 Hz,
CMe3), 29.73 (d, 'Jc-p = 17.1 Hz, PCH2), 32.0 (d,
'Jc_p = 19.1 Hz, CMe3), 52.80 (d, Jc_p = 17.1 Hg,
PCH), 57.54 (s, OMe), 78.51 (d, Jc_p = 4.2 Hgz,
CHOMe), 107.78 (=CH), 122.79, 136.70, 149.03 (d,
Jo-p = 7.0 Hz), 156.21, 164.16 (d, Joc-p = 12.1 Hz,
C), 205.72 (d, *Je-p = 5.5 Hz, cis CO), 206.9 (d,
2Jc-p = 7.6 Hz, cis CO), 210.45 (d, *Jo_p = 32.4 Hz,
trans CO), 211.32 (d, 2Jo_p = 4.5 Hz, ¢is CO) ppm.

Mass spectrum (°®Mo) m/e (relative intensity) 647 (M, 20),
619 (M-CO, 32), 476 (100).

Decomplexation procedures

a) With Sg : Complex 4a (0.75 g, 1.5 mmol) was reacted

with excess Sg (0.23 g) in toluene at 100°C for 4 h. After

evaporation of the solvent, the final product was purified by
column chromatography with hexane/ether 60:40 as eluent.

The sulfide 8 was obtained in 67% yield as a colorless solid,

mp 170°C.

1P NMR (CDCl3) 6 57.5.

'H NMR (CeDs) 6 0.84 (d, ®Ju_p = 16.2 Hz, CMes), 1.9-
2.1 (m, 1H, PCH;), 2.2-24 (m, 1H, PCH.), 2.93 (s,
OMe), 4.06 (dd, 2Ju_p = 11.1 Hz, *Jy_g = 7.8 Hz,
PCH), 4.9 (m, CHOMe), 5.3-5.5 (m, 1H, HC=), 5.84
(AB, Jap = 10.1 Hz, =CH), 6.6 (m, 1H, py), 7.1 (m, 1H,
py), 8.07 (d, 1H, py), 8.32 (d, 1H, py).

3C NMR (CDCls) 6 24.17 (CMes), 27.35 (d, 'Jo—p =
46.8 Hz, PCH2), 34.94 (d, 'Jc-p = 46.8 Hz, CMe3),
47.18 (d, 'Jo-p = 35.2 Hz, PCH), 55.76 (OMe), 78.96
(CHOMe), 121.33 (d, Jc-p = 6.0 Hz, =CH), 123.06 (d,
Jo—p = 27.2 Hz, =CH), 130.55 (d, Jec—p = 5.5 Hz),
136.01, 149.03, 155.02 (C(py)) ppm.

Mass spectrum m/e (relative intensity) 295 (M, 27), 175
(66), 160 (M-tBu-Py, 100).

b) With dppe : complex 6b (0.60 g, 1.3 mmol) and dppe
(0.52 g, 1.3 mmol) were heated at 100°C for 3 h in toluene
(5 mL). Hexane was added to the cooled reaction mixture
in order to precipitate the (CO)sMo(dppe) complex. After
filtration and evaporation of the solvent, the phosphine 9a
was obtained in 44% yield by crystallization from hexane at
~20°C.

1-t-Butyl-6-(2-pyridyl)-1,2-dihydro-3(4H )-phosphininone
9a : pale yellow solid.
3P NMR (CeDs) 6 —1.6.

'"H NMR (CsDs) 6 0.97 (d, 3Ju-p = 12.1 Hz, CMes), 2.38
(AB, Jas = 13.8 Hz, J = 4.5 Hz, 1H, CH3), 2.6-2.9 (m,
3H, CHa), 6.6 (m, 1H), 6.9-7.1 (m, 2H), 7.60 (m, 1H),
8.45 (d, *Ju-u = 3.8 Hz) ppm.

BC NMR (CeDs) 6 28.48 (d, *Jo-p = 13.6 Hg,
CMe3), 31.65 (d, 'Je—p = 19.1 Hz, CMe3), 34.59 (d,
!Je_p = 23.1 Hz, PCHy), 42.45 (COCH3), 121.60 (d,
2Je—p = 14.6 Hz, =CH), 121.86, 135.83, 138.61 (d,
Jo-p = 5.0 Hz), 149.68 (unsaturated C are not detected),
203.70 (CO).
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Mass spectrum m/e {relative intensity) 247 (M, 26), 190
(M-{Bu, 100}.

Anal calc for CMHMNOP .
C, 67.71; H, 7.33.

C, 68.00; H, 7.34. Found :

1-¢-Butyl-6-(2-thienyl)-1,2-dihydro-3(4 H )-phosphininone
9b : The same decomplexation procedure as for 9a, starting
from complex 6e led to 9b in 70% yield after chromatogra-
phy. Yellow oil.

3P NMR. (CDCl3) 6 3.8.

'"H NMR. (CDCl3) 6 0.99 (d, *Ju_p = 12.6 Hz, CMe3), 2.79
(AB,?Ja_p = 13.8 Hz, *Jy_p = 7.4 Hz, 1H, PCH,), 2.91
(AB,%Ja-p = 138 Hz, *Ju_p = 3.8 Hz, 1H, PCHa), 3.01
(AB, 2Ja_p = 22.2 Hz, *Ju_n = 4.0 Hz, 1H, CH,), 3.24
(AB,%Ja_p =222Hz,*Jy_y =44 Hz, *Jy_p = 2.1 Hz,
1H, CHz), 6.58 (dt, *Ju-p = 5.7 Hz, *Jy_n = 4.3 Hz,
P-C=CH), 7.0 (m. [H), 7.2 (m, 2H).

B¢ NMR (CDCl3) & 2834 (d, %Je-p = 133 Hgz,
CMes), 31.80 (d, 'Jo—p = 18.6 Hz, CMe3), 34.93 (d,
YJoop = 23.9 Hz, PCHy), 42.43 (s, COCH,), 125.0,
125.2, 127.6, 129.94 (d. Jo_p = 20.0 Hz, C), 131.98,
146.72 (d, Jo—p = 32.7 Hz, ). 205.13 (C=0) ppm.

Mass spectrum m/e (relative intensity) 252 (M, 21), 196
(M-C4Hx, 47), 57 (C4Ho. 100).

Synthesis of phosphinines 10a and 10b

t-Butyldimethylchlorosilane (0.19 g, 1.3 mmol) was added
to a solution of 9a (0.30 g, 1.2 mmol) and triethylamine
(0.33 mL, 2.4 mmol) in THF, at room temperature. After
20 min, the 3P NMR spectrum of the reaction mixture
showed quantitative formation of the silylated enol ether :
6 —36.3 ppm. Ether was added and the ammonium salt
was separated by filtration. The solution was evaporated
to dryness and thermolyzed at 250°C for about 15 min
in a Kugelrohr oven. The crude product was distilled at
250°C/3 mm Hg. Phosphinine 10a was obtained in 79%
vield (with respect to 9a) as a colorless oil.

3-(¢-Butyldimethylsilyloxy)-6-(2-pyridv]l)phosphinine 10a :
31P NMR (cther) 6 209.

'H NMR (CsDg) 6 0.10 (s, 6H, SiMe2), 0.97 (s, 9H, SiCMe3),
6.71 (broad t, J = 6.0 Hz), 7.03 (dt, Ju_p = 9.3 Hz.
J = 26 Hz), 7.17 (t, J = 6.1 Hz), 7.82 (broad d,
J = 7.4 Hz), 8.07 (dd, Ju_p = 37.3 Hz, Ju_nu = 2.4 Hz).
8.57 (d J = 4.0 HZ), 8.79 (dd, J]{vp = 92 HZ
J = 5.17 Ha).

BC NMR (CeDg) & —4.38 (SiMez), 18.35 (SiCMes).
25.77 (SiCMes), 120.30 (d. Je-p = 16.6 Hz), 122.01,
124.13 (d, Jo-p = 14.1 Hz), 136.47, 136.84 (d.
Jo—p = 14.1 Hz), 141.28 (d, Jo-p = 51.8 Hz), 149.92.
159.1 (d. Jo-p = 25.7 Hz), 159.70 (d. Je-p = 16.1 Hz)
161.20 (d, Jo-p = 46.8 Hz) ppm.

Mass spectrum m/e (relative intensity) 303 (M, 32). 216
(M-tBu, 100).

6-(2-Thienyl)-3-phosphininol 10b was prepared through an
analogous procedure and purified by column chromatogra-
phy with hexane/ether 80:20 as eluent : colorless oil.

Yield 15%.
3'P NMR (CDCl3) 6 202.6.

'H NMR (CDCl3) 6 6.9-7.1 (m, 2H), 7.2-7.4 (m. 2H), 7.91
(dd, 2Jx-p = 33.1 Hz, Ju_u = 2.6 Hz), 8.0 (m, 1H) ppm.

Mass spectrum m/e 194 (M, 100).

Synthesis of the (1,2-dihydrophosphete)Mo(CO)s com-
plezes, 12. General Procedure

A solution of complex 1b (1.0 g, 2.2 mmol) in THF was
cooled to —78°C, nBuLi (1.5 mL, 1.6 M solution in hexane)
was then added. After a few minutes, an excess (3 mmol)
of the suitable aldehyde (2-phenyl-2-pentenal, 3-ethoxy-
2-methyl-2-propenal or 2-methyl-3-phenyl-2-propenal) was
added. The reaction mixture was then allowed to warm to
room temperature. After hydrolysis, evaporation of the sol-
vent and extraction with ether, the final product was puri-
fied by chromatography with hexane/ether (99:1) as eluent.

12a : was obtained in 58% yield, as a mixture of two
isomers (75:25 ratio).

Minor isomer : *'P NMR (CgDs) 6 99.4 ppm.

The major isomer was obtained in pure form after crys-
tallization from hexane :

3P NMR (CsDs) & 78.6.

'H NMR (CeéDs) 6 1.11 (t, *Ju_u = 7.2 Hz, CH,CH3),
1.30 (d, *Ju-p = 14.8 Hz, CMes), 1.6-1.8 (m, 1H, CH,),
1.9-2.3 (m, 1H, CH2), 3.1 (m, 1H, PCH), 6.57 (dd,
2Ju_p = 22.4 Hz, *Jy_u = 1.2 Hz, =CH), 7.4 (m, Ph).

BC NMR (CDCls) 6 14.96 (d, *Je—p = 3.1 Hz, CH,CH3),
22.6 (s, CHz), 27.18 (d, *Jo_p = 6.7 Hz, CMe3), 34.45
(d, "Jo—p = 4.5 Hz, CMe3), 43.28 (d, 'Jo_p = 27.5 Hz,
PCH), 126.76, 127.22 (d, 'Jo_p = 32.3 Hz, =CH),
129.3, 130.1, 134.34 (d, Jo_p = 15.2 Hz), 155.61 (d,
Je_p = 5.3 Hz), 206.68 (d, *Jo_p = 8.8 Hz, cis CO),
210.66 (d, 2Jo-p = 23.7 Hz, trans CO) ppm.

Mass spectrum (*®Mo) m/e (relative intensity) 470 (M, 9),
386 (M-3CO, 62), 358 (M-4CO, 36), 330 (M-5CO, 100).

Anal calc for Co0H2105PMo : C, 51.30; H, 4.52. Found :
C, 51.67; H, 4.72.

12b was obtained in 75% yield, as a mixture of two
isomers in a 88:12 ratio.

Minor isomer : *'P NMR (CsDs) 6 107.5 ppm.

Major isomer : *'P NMR (CsDs) 6 83.1 ppm.

'H NMR. (CDCl3) 6 1.20 (d, ®Ju_p = 14.2 Hz, CMe3), 1.34
(t, *Ju-n = 6.8 Hz, CH,CH3), 1.90 (s, Me), 3.4-3.8 (m,
2H, OCH,CHj;), 4.25 (d, *Ju—p = 4.4 Hz, CHOELt), 6.18
(d, *Ju-p = 25.1 Hz, =CH).

B¢ NMR (CDCl3) 6 14.93 (s, CH.CHs), 16.65 (d,
3Jo_p = 13.8 Hz, =C-CHz), 26.20 (d, *Jo_p = 6.74 Hz,
CMes), 32.93 (s, CMes), 67.42 (s, OCHa), 77.47 (d,
'Je_p = 67.5 Hz, PCH-0), 128.52 (d, " Jo—p = 31.7 Hz,
=CH), 154.95 (s, =C), 206.71 (d, *Joc-p = 8.9 Hz, cis
CO), 210.51 (d, 2Jc—p = 25.1 Hz, trans CO) ppm.

Mass spectrum (**Mo) m/e (relative intensity) 424 (M, 19),
368 (M-2CO, 38), 224 (100).

12c : was obtained in 54% yield, as a mixture of two
isomers in 75:25 ratio.

Minor isomer : **P NMR (ether) & 112.5 ppm.

Major isomer : 3'P NMR (ether) § 94.2 ppm.

'H NMR. (C¢Ds) 6 0.98 (d, *Ju—p = 14.4 Hz, CMes), 1.44
s, CHa), 3.52 (d, *Ju-pr = 8.0 Hz, CH-Ph), 5.65 (d,
Ju-p = 16.6 Hz, =CH), 6.9-7.2 (m, Ph) ppm.

Mass spectrum (**Mo) m/e (relative intensity) 456 (M, 28),

372 (M-3CO, 53), 256 (100).

Anal calc for C19H1905P Mo :

C, 51.18; H, 4.15.

C, 50.24; H, 4.22; Found :

Cycloaddition reactions of complex 12b

o With N-phenylmaleimide
A solution of complex 12b (1.5 g, 3.6 mmol) and N-phenyl-
maleimide (0.62 g, 3.6 mmol) in THF was stirred at room
temperature for 1 h. After evaporation of the solvent, the



final product was purified by column chromatography with

hexane/ether (60:40) as eluent. 13a was obtained as a

mixture of two isomers in 85:15 ratio (80% yield).

Minor isomer : P NMR (ether) § 35.6 ppm.

Major isomer : 3'P NMR (ether) § 33.5.

'H NMR (CDCl3) 6 1.13 (t, *Ju-u = 6.9 Hz, CH2CH3), 1.44
(d, 3Ju_p = 16.7 Hz, CMe3), 2.19 (s, =C-CHs), 3.5 (m,
2H), 3.6-3.7 (m, 1H, OCH>), 4.09 (dd, 3Jy_p = 9.1 Hz,
2Ju_p = 5.3 Hz, PCH), 4.26 (d, *Juy—_n = 3.6 Hz, CH
OEt), 5.97 (d, 2Ju—p = 32.4 Hz, =CH), 7.2-7.5 (m, Ph).

13C NMR (CDCls) 6 15.81 (CH.CH3), 27.8 (d, *Jc—p =
8.8 Hz, =C-CHz3), 28.51 (d, 2Jc_p = 7.9 Hz, CMe3),
36.75 (d, 'Jo_p = 10.8 Hz, CMes), 43.48 (d,
Je—p = 6.8 Hz, CHCO-), 48.90 (d, Jo—p = 5.0 Hz.
CHCO-), 67.08 (s, OCH2CH3), 73.93 (d, 3 Jo_p = 8.2 Hz,
CHOEt), 121.51 (d, "Jc-p = 24.6 Hz, =CH), 127.06.
129.35, 129.80, 132.33 (C-N), 147.38 (d, *Jo—p = 6.0 Hz.
=C-Me), 173.38 (d, Jc—p = 7.3 Hz, CO-N}), 175.24 (d.
Je-p = 2.2 Hz, CO-N), 206.50 (d, *Jc-p = 8.4 Hz, cis
CO0), 210.64 (d, 2Jo—_p = 23.4 Hz, trans CO) ppm.

Mass spectrum (°*Mo) m/e (relative intensity) 597 (M, 6).
541 (M-2CO, 28), 513 (M-3CO, 45), 485 (M-4CO, 36).
457 (M-5CO, 100).

o With dimethyl 2-butynedioate
A solution of complex 12b (1.5 g, 3.6 mmol) and dimethyl
2-butynedioate (0.9 g, 7.2 mmol) in toluene (2 mL) was
heated at 40°C for 4 h. The final product was purified
by column chromatography with hexane/ether (90:10) as
eluent. Yield : 60% after crystallization from ether/hexane.
A single isomer is observed after purification.

13b : colorless solid, mp 92°C.
3P NMR (ether) 6 18.8.

'H NMR (CDCls) 6 1.16 (t, *Ju_n = 6.8 Hz, CH2CHj),
1.32 (d, *Ju_p = 16.0 Hz, CMes), 2.08 (s, =C-CHjs),
3.3-3.6 (m, 2H, OCH,CHj3), 3.80 (s, COz2Me), 3.83 (d.
Ju-p = 0.6 Hz, CO2Me), 5.01 (s, CHOEt), 6.00 (d,
2Ju-p = 31.3 Hz, =CH).

Bc NMR (CDClz) & 16.21 (CH.CHs), 23.86 (d,
3Jc_p = 8.3 Hz, =C-CHas), 28.17 (d, 2Jo-p = 7.2 Hz,
CMes), 37.07 (d, 'Je-p = 14.8 Hz, CMes), 53.45
gOMe), 53.71 (OMe), 64.59 (OCHCHj), 74.05 (d,

Jo_p = 4.8 Hz, CHOELt), 120.43 (d, 'Jo-p = 32.2 Hz,
=CH), 133.93 (d, ' Jo_p = 14.4 Hz, PC-COy), 143.55 (d,
2Jo_p = 9.9 Hz, P-C=C), 143.70 (d, *Jc_p = 5.6 Hz,
P-C=C), 167.50 (d, *Jc-p = 26.2 Hz, P-C-CO,), 163.58
g-coz-), 205.83 (d, 2Jc—p = 8.7 Hz, cis CO), 210.23 (d.

Jo_p = 23.0 Hz, trans CO) ppm.

Mass spectrum (**Mo) m/e (relative intensity) 538 (M-CO,
15), 482 (M-3CO, 21), 397 (M-4CO-tBu, 42), 324 (100).

Anal cale for C21H25010 PMo : C, 44.70; H, 4.47: Found :
C, 44.60; H, 4.35.

o With ethyl 3-phenyl-2-propynoate
A solution of complex 12b (1.5 g, 3.6 mmol) and ethyl
3-phenyl-2-propynoate (2.3 mL, 14 mmol) in a small amount
of toluene (1 mL) was heated at 80°C for 24 h. The final
product was purified by column chromatography with hex-
ane/ether (90:10) as eluent. Yield : 45%. A single isomer is
obtained after purification.

13c : colorless solid; mp 110°C.

31p NMR (ether) & 17.6 ppm.

'H NMR (CDCl3) 6 0.73 (t, *Ju—u = 7.1 Hz, CHoCH3), 0.92
(t, *Ju—n = 6.9 Hz, CH2CHs), 1.34 (d, *Ju_n = 15.6 Hz,
CMes), 2.11 (s, =C-CHa), 3.05 (m, 1H, OCHy), 3.37
(m, 1H, OCHz), 3.7-3.9 (m, 2H, OCHa), 4.72 (s. 1H.
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CHOE), 6.07 (d, 2Jy—p = 30.5 Hz, =CH), 7.1-7.4 (m,
Ph).

¥C NMR (CDCl3) 6 13.72 (CH2CHa), 15.84 (CH2CHs),
24.18 (d, %*Jo—p = 8.4 Hz, =C-CHs), 27.83 (d,
2Je_p = 7.1 Hz, CMes), 36.01 (d, 'Jec_p = 15.4 Hz,
CMej3), 62.15 (OCH,CHj), 65.15 (OCH2CHs), 77.06
(CHOER), 120.26 (d, 'Jc_p = 32.4 Hz, =CH), 129.60
(d, *Jc_p = 18.2 Hz, P-C-CO3-), 140.13 (C(Ph)), 144.88
(d, 2Je-p = 4.6 Hz, PC=C), 150.03 (P-C=C), 168.54 (d,
2Jo_p = 17.9 Hz, P-C-CO,), 206.36 (d, *Jc-p = 8.6 He,
cis CO), 210.83 (d, 2Jc-p = 22.8 Hz, trans CO) ppm.

Mass spectrum (*®Mo) m/e (relative intensity) 570 (M-CO,
13), 542 (M-2CO, 21), 514 (M-3CO, 26), 429 (M-4CO-
tBu, 100).

Anal calc for C26H200s PMo :
¢, 52.21; H, 4.83.

C, 52.36; H, 4.90. Found :

e With phenylacetylene
A solution of complex 12b (1.5 g, 3.6 mmol) and phenyl-
acetylene (1.58 mL, 14.4 mmol) in a small amount of toluene
(1 mL) was heated at 75°C for 2 h. The final product was pu-
rified by column chromatography with hexane/ether (95:5)
as eluent and crystallization from hexane/ether mixtures.
Yield : 36%.

3P NMR (ether) § 11.1 ppm.

'H NMR (CDCl3) 6 0.89 (t, *Ju—_u = 6.9 Hz, CH2CH3),
1.28 (d, *Ju_p = 15.4 Hz, CMe3), 2.18 (s, =C-CHa),
3.12 (q, OCH2CHjs), 5.18 (s, CHOELt), 6.13 (broad d,
2 Ju_p = 26.3 Hz, =CH), 6.37 (broad d, 2Ju_p = 25.9 Hz,
=CH), 7.3-7.5 (m, Ph).

3C NMR (CsDs) § 15.37 (CHoCHs), 23.70 (d, *Jo-p =
8.1 Hz, =C-CHs), 26.54 (d, *Jc_p = 6.0 Hz, CMes),
33.13 (d, *Jo-p = 19.3 Hz, CMes), 61.46 (OCHCH3),
7391 (d, *Jo-p = 6.5 Hz, CHOEt), 118.66 (d,
VJe—p = 33.4 Hz, P-CH=), 121.40 (d, ' Jo—p = 30.6 Hz,
P-CH=), 141.36 (C(Ph)), 146.72 (P-C=C), 147.89
(P-C=C), 206.52 (d, *Jc-p = 8.0 Hz, cis CO), 210.8
(d, 2Jc—p = 22.8 Hz, trans CO) ppm.

Mass spectrum (**Mo) m/e (relative intensity) 526 (M, 26),
414 (M-4CO, 100), 386 (M-5CO, 47).

Anal calc for Co3H250¢ PMo : C, 52.68; H, 4.81. Found :
C, 52.88; H, 4.74.

o With 2-ethynylpyridine
A solution of complex 12b (1.5 g, 3.6 mmol) and
ethynylpyridine (0.73 mL, 7.2 mmol) in toluene (4 mL) was
heated at 70°C for 1 h. The final product was purified by
chromatography with hexane/ether (70:30) as eluent. Yield :
30%. 13e : colorless solid ; mp 105°C.

3'p NMR (ether) 6 13.7.

'H NMR (CDCl3) 6 0.91 (t, *Ju—n = 6.9 Hz, CH,CH3), 1.30
(d, *Ju-p = 15.5 Hz, CMes), 2.15 (s, =C-CH3), 3.1-3.2
(m, 2H, OCH,CHj3), 5.42 (s, 1H, CHOEL), 6.13 (broad
d, 2Jy_p = 27.9 Hz, =CH), 7.15 (dm, ®Ju_p = 26.4 Hz,
HC=C-Py), 7.2-7.3 (m, 1H), 7.59 (d, *Ju-u = 7.8 Hz,
1H), 7.7 (m, 1H), 8.66 (d, *Ju_n = 4.0 Hz, 1H).

¢t NMR (CDCly) 6 1539 (CH2CHs), 2392 (d,
3Jo-p = 8.5 Hz, =C-CH3), 26.83 (d, *Jc-p = 6.2 Hz,
CMes), 3357 (d, 'Jo-p = 19.7 Hz, CMes), 59.8
(OCH,CH3), 72.15 (d, *Jc-p = 6.3 Hz, CHOEL), 118.88
(d, "Jo—p = 335 Hz, P-CH=CMe), 12141, 123.15,
124.16 (d, 'Jo-p = 30.6 Hz, P-CH=CPy), 136.45, 145.59
(d, *Jc-p = 2.6 Hz, C(Py)), 146.00 (d, *Jc-p = 3.9 Hz,
P-C=CMe), 149.23, 155.93 (d, *Jo-p = 8.9 Hz, P-C=C-
Py), 205.90 (d, *Jc-p = 9.0 Hz, cis CO), 210.45 (d,
2Jo_p = 21.1 Hz, trans CO) ppm.



392

Mass spectrum (**Mo) m/e (relative intensity) 527 (M, 19),
471 (M-2CO, 20), 443 (M-3CO, 28), 415 (M-4CO, 43),
387 (M-4CO, 53), 329 (M-4CO-tBuH, 100).

Anal calc for C22H2406 NPMo : C, 50.30; H, 4.60. Found :

3, 50.71; H, 4.88.

Cycloaddition reaction of compler 12¢ with benzo-
quinone

A solution of 12c¢ (0.23 g, 0.5 mmol) and 1,4-benzoquinone

(0.21 g, 2 mmol) in xylene was heated at 110°C for 20 min.

After evaporation the final product was purified by column

chromatography. The excess benzoquinone was eluted with

hexane/ether 90:10; complex 14a was recovered then with

hexane/ether 80:20 as eluent, as a mixture of two isomers in

a 70:30 ratio. Yield : 50%. Colorless solid.

3P NMR (CgDs) & 166.0 (minor isomer), 144.4 (major
isomer).

'H NMR (CsDs) 6 0.97 (d, *Ju-p = 15.8 Hz, CMejs),
1.45 (broad s, CHs), 4.06 (broad s, CH Ph), 5.68 (d,
3 Ju-u = 10.1 Hz, =CH-CO), 5.98 (d, > Ju_u = 10.8 Hz,
=CH CO), 6.01 (d, *Jy_p = 29.1 Hz, P-CH=), 6.44
gdd, Ju-ng = 10.3 Hz, *Jy_u = 3.1 Hz), 6.59 (dd,
Ju-n = 10.7 Hz, *Ju_pn = 3.0 Hz), 6.7-7.0 (m, 5H, Ph).

13C NMR (CsDs) 6 25.35 (d, *Jo_p = 7.5 Hz, CMe3), 25.78
(d,3Jc_p = 8.4 Hz, C-CHy), 37.87 (d, ' Jc_p = 13.0 Hz,
CMes), 55.14 (d, *Jo_p = 9.3 Hz, CH-Ph), 74.64 (d,
2Jc—p = 9.6 Hz, P-0-C), 123.49 (d, 'Jc-p = 18.6 Hz.
P-CH=), 128.3, 120.1, 130.0, 130.4, 134.9 (C(Ph)).
144.2, 147.3, 147.4, 147.8, 183.94 (s, C=0), 206.50 (d.
2Jc-p = 10.0 Hz, cis CO), 210.0 (d, 2Jc_p = 26.2 Hz.
trans CO) ppm.

Mass spectrum (*®Mo) m/e (relative intensity) 564 (M, 26),
508 (M-2CO, 28), 480 (M-3CO, 21), 452 (M-4CO, 15),
424 (M-5CO, 36), 379 (100).

Cycloaddition reaction of compler 12b
with 1,4-naphthoguinone

A solution of complex 12b (0.27 g, 0.64 mmol) and naphtho-
quinone (0.12 g, 0.77 mmol) in benzene was heated at 55°C
for 1.5 h, to afford a mixture of three products, according
to *'P NMR analysis of the reaction mixture. After evapo-
ration of the solvent, the three components of the mixture
were separated by chromatography on a silica-gel column.

Complex 15 was eluted first with an hexane/ether 90:10

mixture : violet solid.

3P NMR (CsDsg) 6 10.2.

'H NMR (CeDs) 6 0.95 (t, *Ju-n = 7.0 Hz, CH.CHj3),
1.18 (d, ®Ju-p = 15.9 Hz, CMe3), 1.71 (s, =C-Me), 3.56
(m, 1H, OCH:CHs), 3.98 (m, 1H, OCH,CHs), 4.81 (s,
CH-OEt), 5.76 (d, *Ju-p = 31.4 Hz, P-CH=), 6.9 {m,
2H), 7.92 (m, 2H).

3C NMR (Ce¢Ds) & 15.92 (s, OCH:CHj), 24.06 (d,
3Jc-p = 8.3 Hz, =C-CHjy), 28.46 (d, 2Jc_p = 6.3 Hz,
CMe3), 35.94 (d, *Je-p = 15.2 Hz, CMej3), 69.85 (s,
OCH,CH3), 70.72 (s, CHOEt), 120.85 (d, 'Jo-p =
32.5 Hz, P-CH=), 126.70, 126.97, 129.4, 131.95,
134.14, 134.22, 142.76 (d, 'Jo_p = 6.0 Hz), 147.8
(d, *Jo—p = 3 Hz), 182.90 (s, C=0), 18588 (d,
*Jo-p = 12,6 Hz, C=0), 206.23 (d, *Jc_p = 8.2 Hz,
cis CO) ppm.

Mass spectrum (**Mo) m/e (relative intensity) 552 (M-CO.,
38), 524 (M-2CO, 53), 496 (M-3CO, 32), 440 (M-5CO,
55), 382 (M-5CO-tBuH, 100).

Complex 14b was eluted then with hexane/ether 85:15
and crystallized from pentane. Colorless solid.

3P NMR (CeDs) 6 148.4.

'H NMR (CDCl3) 6 0.88 (t, *Ju_u = 6.9 Hz, OCH,CHj3),
1.33 (d, 3Ju—p = 16.1 Hz, CMes), 2.07 (*Ju-n = 1.1 Hz,
=C-CH3), 24 (m, 1H, OCH.CHi), 3.0 (m, 1H,
OCH,CHj3), 3.19 (broad s, 1H, CHOEt), 6.00 (dd,

2Ju_p = 36.6 Hz, “Jy_u = 1.4 Hz, P-CH=), 6.48 (AB,
3Ja_p = 10.7 Hz, =CH-CO), 7.56 (dtd, 3Ju_u = 7.7 Hz,
‘Ju_y = 1.3 Hz), 765 (td, *Ju-u = 7.6 Hz,

4Jy-u = 1.3 Hz), 7.70 (AB, ®Ja_p = 10.7 Hz, CH=CH-
C0), 7.92 (dd, 1H), 8.12 (dd, 1H).

3C NMR (CDCl3) & 14.95 (s, CH,CH;), 25.74 (d,
3Jc-p = 7.8 Hz, =C-CH3), 26.16 (d, 2Jo_p = 7.6 Hz,
CMes), 39.61 (d, 'Jo_p = 17.6 Hz, CMe3), 69.79 (s,
OCH,CH3), 78.14 (P-O-C), 82.33 (d, ?Jc—p = 7.2 Hz,
CHOEt), 121.87 (d, 'Je-p = 17.4 Hz, P-CH=),
126.44, 128.87, 129.27, 129.42, 130.30 (C), 132.21, 141.55
(C-Me), 145.86 (CH=CH-CO), 146.54 (C=C-CO),
183.51 (s, C=0), 206.07 (d, 2Jo_p = 9.4 Hz, cis CO)
ppm.

Mass spectrum (**Mo) m/e (relative intensity) 582 (M, 19),
498 (M-3CO, 21), 470 (M-4CO, 34), 442 (M-5CO, 100).

Complex 14c was eluted with hexane/ether 85:15 and
crystallized from pentane. Colorless solid.

31p NMR (CDCl;) 6 152.4.

'H NMR (CDCl3) é 072 (t, *Jy-g = 6.9 Hg,
OCH.CHj3), 1.28 (d, 3Ju-p = 157 Hz, CMes),
2.09 (broad s, =C-CHs), 2.60 (m, 1H, OCH>CHa),
3.18 (m, 1H, OCH:CHj3), 444 (s, CHOEt), 6.31
gbroad d, *Ju-p = 26.9 Hz, P-CH=), 6.48 (AB,
*Ja-p = 10.5 Hz, =CH-CO), 6.89 (AB, HC=CH-CO),
7.51 (td, 3Ju-n = 7.5 Hz, *Jy-n = 1.1 Hz), 7.70 (td,
3Ja_u = 7.4 Hz, *Jy-n = 1.4 Hz), 8.12 (dd, 1H), 8.16
(dd, 1H).

3C NMR (CDCl;) 6 14.77 (s, OCH.CHs), 22.20 (d,
3Jo_p = 8.7 Hz, =C-CH3), 25.68 (d, 2Jc_p = 8.2 Hz,
CMej), 38.02 (d, 'Jo_p = 12.2 Hz, CMes), 69.55
(OCH,CH3;), 76.13 (P-O-C), 82.50 (d, *Jo_p = 9.6 Hz,
CHOEt), 121.20 (*Jc-p = 17.4 Hz, P-CH=), 126.37,
127.55, 128.75, 131.12, 131.96 (C), 132.72, 143.28
(d, 2Jo—p = 6.4 Hz, CH=C-Me), 144.9 (HC=CH-
CO), 150.92 (C=C-CO), 183.87 (s, C=0), 206.26 (d,
2Je—p = 9.9 Hz, cis CO) ppm.

Mass spectrum (*®Mo) m/e (relative intensity) 582 (M, 2),
442 (M-5CO, 13), 344 (M-Mo(CO)s, 100).

Decomplezxation of the 1,4-dihydrophosphinines from
their Mo(CO)s complezes 13b and 13c, and ther-
molysis to 17

The decomplexation reaction was performed by heating 13b

(or 13¢) with one equivalent of dppe in toluene at 95°C for

4 h. The (dppe) Mo(CO)4 complex was separated by addi-

tion of hexane, cooling at 0°C and filtration. The solution

containing the crude dihydrophosphinine 16b (*'P NMR

(toluene) § ~25.4 and —41.5 ppm) (or 16c) was evaporated

and 16b (or 16¢) was thermolyzed, without further purifi-

cation, at 200°C for 2 h. The final product was purified by
chromatography with hexane/ether 70:30 (or 95:5) as eluent.

Dimethyl 4-ethoxy-5-methyl-2,3-phosphininedicarboxyl-
ate 17b : yield 25% from 13b; orange solid.

31p NMR (CDCls) 6 200.57.

'H NMR (CDCls) 6 1.39 (t, *Ju_n = 7.0 Hz, OCH2CHjs),
2.49 (t, 4JH.l-[ = 4Jy-p = 0.52 Hz, CHs), 3.92 (S,
CO,CHs), 3.97 (q, *Ju-n = 7.0 Hz, OCH>CHj), 3.98
(s, CO2CH3), 8.62 (d, *Ju—p = 38.9 Hz, CH).

3¢ NMR (CDCl3) 6 16.09 (s, OCH2CHs;), 20.18
(d, *Jc-p = 26 Hz, CHj), 53.42 (CO.CHa),
7131 (d, Je-p = 2.4 Hz, OCH,CHs), 139.78 (d,
3Jc_p = 15.4 Hz, COEt), 143.85 (d, 2Jc-p = 13.5 Hz,



C-Me), 15279 (d, 'Jo-p = 56.8 Hz, C-CO:z2Me),
157.05 (d, *Jo—p = 16.2 Hz, C-CO:Me), 158.13 (d,
Jo—p = 51.2 Hz, CH), 16744 (d, *Jc—p = 23.2 Hz,
C0O2Me), 169.04 (s, CO2Me) ppm.

Mass spectrum m/e (relative intensity) 270 (M, 34), 239
(M-OMe, 30), 210 (100), 178 (95).

Anal cale for C12H1505 P : C, 53.34; H, 5.59. Found :
C, 53.3; H, 5.57.

A 65:35 mixture of two phosphinines 17c and 17d was
obtained from 13c, in 30% yield.

31p NMR (ether) 6 214.4 (minor isomer), 184.8 (major
isomer).

Major isomer : 'H NMR (CDCls) 6 0.93 (t, 3Ju-u = 6.9 Hz,
CH,CHs3), 0.95 (t, *Ju—u = 7.2 Hz, CH2CHj3), 2.51 (d,
3Ja_p = 1.3 Hz, C-CH3), 3.44 (q, *Ju-n = 6.9 Hz,
OCH,CH3), 3.99 (q, *Ju-u = 7.2 Hz, OCH2CHy), 7.4
(m, Ph), 8.56 (d, 2Ju_p = 38.9 Hz, CH) ppm.

Mass spectrum m/e (relative intensity) 302 (M, 40). 77
(100).
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