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ABSTRACT

The secondary phosphorylphosphane complexes used
in the synthesis of phosphaalkene complexes from car-
bonyl compounds by the so-called ‘‘phospha-Wittig"’
reaction can be obtained by two routes. In the first
one, a primary lithiophosphine complex is condensed
with a chlorophosphite. The resulting P-P compound
is oxidized at the free phosphorus by 3-chloro-
perbenzoic acid. In the second one, bis(phos-
phoryl)phosphane complexes are allowed to react with
sodium methylate in methanol or with water. One of
the two P—P bonds of the starting product is thus
cleaved to give the “phospha-Wittig" reagent. Both
routes give better yields and are less sensitive to steric
hindrance than the previously described method.

INTRODUCTION

In recently published work {1-4], we have shown
that it is possible to transpose the well-known Wit-
tig and Horner-Emmons syntheses of alkenes to get
phosphaalkene complexes from carbonyl com-
pounds (Equations 1 and 2). In these schemes, the
transition metal complexing group is used to sta-
bilize both the starting “phospha-Wittig” reagents
and the final phosphaalkenes. Without it, it be-
comes necessary to use bulky or electron-withdraw-
ing substituents at the phosphinidene phosphorus
and the “phospha-Wittig" reactions do not work
properly anymore. Of the two variations, the second
one is more efficient since both ketones and alde-
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hydes can be used. However, the yields and gen-
erality of the presently available synthesis of sec-
ondary phosphorylphosphane complexes [4] are not
fully satisfactory. We report here on two alternative
syntheses of these species that proceed with better
yields and greater generality.

R—P==PBu; -——‘-(—CH—O—-— RCH==P-R + Buy,,=0 (1)

M M
M = Fe(C0),, C{CO)s, W(CO)s

= RR"C=0 -
R—P—P(OR), 20 o R'R"C=II’-R + RORPO; (2)

M
M = Mo(CO)s, W(CO)s

RESULTS AND DISCUSSION

The current process relies on the phosphorylation
of primary lithiophosphine complexes (Equation 3).
Since the PH proton of 2 is very acidic, 2 is able to
react with 1 so that two equivalents of lithium amide
are necessary to perform the synthesis of the “phos-
pha-Wittig” reagent. This excess of metalating agent

iPr,NLi CIP(OXOE),
R1|>H2 —_— RlI’HLi ~——» RPH—-P(OEY),
M M M O
1 2
RPHLi (€)]
i
M
RPLi-P(OE),

M= Mo(CO)5, W(CO)s
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necessitates the use of an amide in order to prevent
side-reactions of nBuLi with the metal carbonyl
groups or with the chlorophosphate. We thought
that it would be possible to improve the approach
if the acidity of the PH proton of the final product
was reduced. We thus decided to replace the chlo-
rophosphate by a chlorophosphite and to perform
the oxidation of the uncomplexed phosphorus after
the building of the P-P bond. This new route is
depicted in Equation 4.

n-BuLi, THF
Mes—PH, #  Mes—PHLi
70 7+425°C
W(C0)s W(CO)s
CHROED, O]
<70 2425°C
3-Ci-CgH(CO3H
Mes—PH-P(OEt); - ¢—————— Mes—PH-P(OEL),
|| THF, -70 7+25°C
(COsW o (C0)W
4 (overall yield 82%) 3
(Mes = 2,4,6-MesCeHy)

The formation of the intermediate P-P com-
pound 3 is monitored by 3'P NMR spectroscopy:
8P +181.9 and —62.0, UY(P-P) = 293 Hz. The
overall yield is excellent. The former procedure
(Equation 3) does not work properly with the mes-
ityl substituent, perhaps for steric reasons.

We also wanted to avoid the use of primary
phosphine complexes. A solution to this problem
was found via the use of bis(phosphoryl)phosphane
complexes. Bis and tris(phosphoryl)phosphanes have
been well known since the work of Fluck, Schmid-
peter, and Weber [5-9]. Molybdenum and tungsten
carbonyl complexes of these species are also known
[10]. We found that it is possible to cleave selec-
tively one phosphoryl—-phosphorus bond in these
complexes by using sodium methylate [11]. The
synthesis of the phospha-Wittig reagents by this
route is depicted in Equation 5.

P(O)(OEW),
RPCl, TPOXOR R—~{ :
™ P(O)(OEY),
MeCNIM(CO
o ®
pHat _P(O)(OEY,
R—PH-P(OEt), R—I-i’\
(CO)M O (CO)M P(OXOEY),

5 R=Me,M=Mo, 52% overall yield
6 Me, W, 70%

7 Ph , Mo, 36%
8 Ph, W, 40%
9 t-Bu, W, 41%

10 m/ W, 371%
11 o w, 2%

As shown in the Equation, this method has con-
siderable generality. It is relatively insensitive to
steric hindrance (9) and it works with alkenyl sub-
stituents as well (10 and 11). In some cases, it is
sufficient to use water to perform the cleavage of
the P—P bond (10 and 12). The use of 10 for the
synthesis of 2-phosphadiene complexes is reported
elsewhere [12].

Having in hand an adequate synthesis of
phosphorylphosphane molybdenum and tungsten
carbonyl complexes, we tried to extend the method
to other complexing groups. The inexpensive tetra-
carbonyliron derivatives were an obvious choice.
The attempted transposition demonstrated that both
the “phospha-Wittig"” reagents and the phosphaal-
kene complexes were far less stable with Fe(CO),
than with Mo(CO)s or W(CO)s as the stabilizing
moieties. Nevertheless, we were able to generate in
situ both the reagents and the phosphaalkene com-
plexes and to trap them with methanol (Equation 6).
The versatility of this type of chemistry is once more
illustrated.

0]
i I
: \ﬁ(om)2 THF | ~P(OED,
o (CO)Fe o
McONa  (6)
R_P=mfRn R'R"C=o R -P_
~————— R—P—P(OE),
Fe(CO! THF [
)‘ ((D).Ft (o)
15 14
MeOH
OMe
16a R=Ph,R'=H,R"= i-Pr
R—P—CHRR" 74% overall yield '
Fe(00), 16b R=tBu,R' =R"=Me
16 31% overall yicld
EXPERIMENTAL

All reactions were performed under argon. Chro-
matographic separations were performed on a sil-
ica gel column (70-230 mesh, Merck). NMR spectra



were recorded on a Bruker AC 200 SY spectrometer
operating at 200.13 MHz for 'H and 50.32 MHz for
13C and on a Bruker WP 80 SY spectrometer oper-
ating at 32.43 MHz for *!P. Chemical shifts are given
in positive values downfield from internal TMS ('H
and !3C) and external 85% H;PO, (3!P). Mass spectra
were obtained at 70 eV with a Shimadzu GC-MS QP
1000 instrument by the direct inlet method. In-
frared spectra were recorded with a Perkin-Elmer
Model 297 spectrometer.

[Mesi Iyl(dzethylphosphoryl Yhosphane]W(CO)s
Complex

(Mesitylphosphine) W(CO)s complex was prepared
as usual from mesitylphosphine [13] and
W(CO)s(CH;CN) in THF at 50°C and purified by
chromatography with hexane as eluent.

nBuLi (2.7 mL, 4.3 mmol) was added at —78°C
to a solution of (mesitylphosphine) W(CO)s (19 g,
4 mmol) in THF. After a few minutes diethylchlo-
rophosphite (0.62 mL, 4.4 mmol) was added and the
reaction mixture was then warmed to room tem-
perature. The formation of complex 3 was moni-
tored by 3!'P NMR spectroscopy. Oxidation of com-
plex 3 was performed by adding a solution of
m-chloroperbenzoic acid (0.9 g, 80% acid, 4.4 mmol)
in THF at —78°C.

Complex 4 was purified by column chromatog-
raphy. By use of hexane/ether (80:20), small amounts
of side-products were eluted; the final product was
then eluted with hexane/ether (50:50). Yield 2.0 g
(82%). Colorless solid 2'P NMR (C¢Dg) 6 —86.45 (AX,
J(P-P) = 63.5 Hz, J(3'P-183W) = 215 Hz, PH), 18.46
(AX, P(O) (OEt);); 'H NMR (C¢Ds) 6 0.80 (t, 3J(H-H)
= 7.0 Hz, CH,CH3), 0.99 (t, 3J(H-H) = 7.0Hz,
CH,CHs,), 1.98 (s, CH3), 2.12 (s, CH3), 2.75 (s, CH3),
3.5-4 (m, 4H, CH,), 6.43 (dd, VY(H-P) = 337.5 Hz,
2J(H-P) = 6.1 Hz, PH), 6.54—6.62 (2H, CH(Mes)); IR
(decalin) v (CO) 2065 (m), 1950 (vs) cm™!; mass
spectrum ('®W) m/z 612 (M, 9%), 528 (M-3CO, 30%),
472 (M-5CO, 21%), 380 (100).

Synthesis of the
(Bis(diethylphosphoryl)phosphane) M(CO)s
Complexes

The starting dichlorophosphanes are either com-
mercially available or prepared by literature meth-
ods [14].

A solution of dichlorophosphane (20 mmol) in
THF was added slowly at 0°C to a sodium diethyl-
phosphite (40 mmol) solution in THF. The reaction
mixture was warmed to room temperature and the
bis(diethylphosphoryl)phosphane was character-
ized by 3'P NMR spectroscopy. The reaction was
almost quantitative in each case. A solution of (ace-
tonitrile)M(CO)s complex (20 mmol) [4] in THF was
reacted directly with the crude bis(diethyl-
phosphoryl)phosphane at 40°C for several hours (at
room temperature for molybdenum complexes). The
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extent of complexation was checked by *'P NMR
spectroscopy. The final product was characterized
by 3'P NMR spectroscopy (see Table 1).

Synthesis of the
(Dieth lphosphorylphosphane)M (CO)s
Complexes 5, 6,7, 8,9, 11

The correspondmg [bis(diethylphosphoryl)phos-
phane]M(CO)s complex (20 mmol) was reacted,
without further purification, at 0°C with sodium
methoxide (10 mL, 2M solution in MeOH). When
the addition was complete, the reaction mixture
was left at 0°C for about 10 minutes, then hydro-
lyzed with aqueous hydrochloric acid (pH < 7).

After extraction with hexane, the final product
was purified either by crystallization or by column
chromatography (hexane—ether mixtures; Ry ~ 0.5
in ether).

5: yield 4.4 g (52% from MePCl,); colorless oil;
'H NMR (C¢Dg) 6 0.97 (t, 3J(H-H) = 7.0 Hz, CH,CH»),
0.98 (t, 3/(H-H) = 7.0 Hz, CH,CH>), 1.13 (dt, 2J(H-
P) = 14.9 Hz, 3J(H-P) ~ 3J(H-H) = 7.0 Hz, PCH.),
399 (dq, 'J(H-P) = 320.9 Hz, PH), 3.84 (m, 4H,
OCH,CH,3); 3C NMR (C¢Dg) 6 6.46 (d, J(C-P) =
21.1 Hz, PCH,), 16.29, 16.39 (s, CH,CH3), 63.13 (d,
2J(C-P) = 7.5 Hz, OCH,CH,), 63.28 (d, 2J/(C-P) =
7.5 Hz, OCH,CHs), 204.86 (d, 2J(C-P) = 8.6 Hz, cis
CO), 209.11 (d, 2J(C-P) = 24.7 Hz, trans CO); IR
(decalin) v (CO) 2080 (m), 1950 (vs) cm™!; mass
spectrum (°*Mo) m/z 422 (M, 7%), 394 (M—CO, 19%),
366 (M—2CO, 14%), 338 (M-3CO, 29%), 310 (M—4CO,
100%.

Spectroscopic data for complexes 6, 7, 8, and 9
have already been reported (ref. [4], [15]).

11: yield 3.8 g (32% from BuO-CH=CH-PCl,);
colorless oil; 'TH NMR (C¢Dg) 6 0.74 (t, 3J(H-H) =
7.2 Hz, 3H, CH; (Bu)), 1.0-1.4 (m, 10H, 20CH,CH;
+ 2CH, (Bu)), 3.36 (m, 2H, OCH, (Bu)), 3.94 (m,
4H, OCH,CHs), 4.95 (m, 1H, 3J(H-H) = 13.0 Hz,
3J(H-H) = 5.5Hz, 2J(H-P) = 11.5Hz, 3JJ(H-P) =
4.0 Hz, PCH=CH-0), 5.19 (ddd, 'J(H-P) = 342.1 Hz,
3J(H-H) = 5.5 Hz, 3J(H-P) = 3.4 Hz, PH), 6.91 (td,
3J(H-H) ~ 3J(H-P) = 13.1 Hz, “/(H-P) = 3.8 Hz,
PCH=CH-0); '3C NMR (CcD¢) 6 13.47 (s, CH3), 16.13,
16.22 (s, OCH,CHs), 18.85 (s, CH,), 30.79 (s, CH,),
63.17, 63.32 (OCH,CH3), 70.37 (s, OCH, (Bu)), 83.31
(d, J(C-P) = 47.2 Hz, PCH=CH-0), 163.18 (dd,
2J(C-P) = 24.2 Hz, 3J(C-P) = 10.6 Hz, PCH=CH-
0), 195.68 (d, 2J(C-P) = 5.7 Hz, cis CO), 198.03 (d,
2J(C-P) = 23.7 Hz, trans CO); IR (CCl,) » (CO) 2070
(m), 1930 (vs) cm ™ !; mass spectrum (!3W) m/z 592
M, 27%), 564 (M—CO, 20%), 480 (M—4CO, 67%), 452
(M-5CO, 100%).

Synthesis of the
(Dieth lphosphorylphosphane)M(CO)s
Complexes 10 and

The corresponding [bls(dlethylphosphoryl)phos-
phane]M(CO)s complex was hydrolyzed with water
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TABLE 1

3P NMR data for the bis(Diethylphosphoryljphosphanes (a), Their M(CO)s

Complexes (b) and the (Diethylphosphorylphosphane) M(CO)s Complexes (5-12).

R M 5Pa 5Ps 13(P-P) 1J(H-P) ref.
Me a -850 315 175.8
w b -465 20.1 72.7
Mo 5 644 235 70.8 320.9
w 6 ~849 22.4 100.1 333.9 [14]
Ph a -61.8 26.8 156.3
Mo b -45 20.3 48.8
w b ~-226 18.9 70.8
Mo 7 ~334 22.7 58.6 328.7 [4)
w 8 —52.1 20.4 83.0 340.0 [14]
tBu a -36.0 27.9 208.3
w b 10.5 22.0 31.7
w 9 —20.2 22.5 51.3 320.9 [4]
PhCH=CH a -680 275 151.4
w b -296 19.1 78.1
w 10 —66.1 185 97.5 340.9
BuOCH=CH a ~75.1 28.5 146.5
w b -403 18.8 87.9
w 1 —74.2 21.3 1025 342.1
2-thienyl a ~796 25.4 141.6
W b 414 173 85.5
W 12 -73.3 19.0 100.1 346.7

(5 mL) at room temperature (16 h). After extraction
with ether, complexes 10 and 12 were purified by
column chromatography with hexane/ether (70:30)
as eluent.

10: vield 4.4 g (37% from PhCH=CH-PCl,); col-
orless oil; TH NMR (C¢D¢) 6 0.95 (t, 3J(H-H) = 7.0 Hz,
CH,CH,), 1.01 (t, 3/(H-H) = 7.0 Hz, CH,CH;), 3.9
(m, 4H, OCH,CH,), 5.30 (dd, J(H-P) = 340.9 Hz,
3J(H-H) = 5.7 Hz, PH), 6.50 (tt, >’J(H-H) ~ 2J(H-P)
~ 16.2 Hz, 3J(H-H) ~ 3J(H-P) ~ 5.7 Hz, PhCH=CH-
P); 3C NMR (C.D¢) 6 16.26, 16.36 (CH,CH3), 63.90,
63.99 (CH,CH,), 111.62 (d, Y(C-P) = 39.0 Hz,
PCH=CHPh), 150.51 (t, 2J(C-P) ~ 3J/(C-P) = 109 Hz,
PCH=CHPh); IR (decalin) v (CO) 2075 (m), 1950
(vs) cm ™ !'; mass spectrum ('8W) m/z 596 (M, 13%),
568 (M—CO, 17%), 512 (M—3CO, 20%), 456 (M-5CO,
100%).

12: yield 5.1 g (44% from dichlorothienylphos-
phane); colorless oil; 'H NMR (C¢Ds) 6 0.87 (t, >J(H-
H) = 7.0Hz, CH,CH;), 096 (t, *J(H-H) = 7.0 Hz,
CH,CH,), 3.8 (m, 4H, CH,CH,), 5.80 (dd, 'J(H-P) =
346.7 Hz, 2J(H-P) = 2.8 Hz, PH), 6.70, 7.00, 7.50 (mm,
3H, thienyl); mass spectrum (¥*W) m/z 576 (M, 17%),
548 (M—CO, 13%), 492 (M—-3CO, 43%), 436 (M—5CO,
100%).

Synthesis and Trapping Reactions of the
(Phosphaalkene)Fe(CO), Complexes 15

The corresponding bis(diethylphosphoryl)phosphane
(10 mmol of crude product-see above) was reacted

with Fe,(CO)s (3.6 g, 10 mmol) in THF at 40°C for
45 min. After evaporation, extraction with hexane,
filtration, and evaporation, about 8 mmoles of crude
(bis(diethylphosphorylphosphane))Fe(CO), com-
plex 13 were obtained [13b: R = (Bu; 3'P NMR
(THF) 6 20.7 (AX,, J(AX) = 46.4 Hz, P(O)(OEt),),
54.74 (AX,, tBuP) ppm; paramagnetic side products
prevented the recording of well-resolved 3'P NMR
spectra for 13a (R = Ph) and 13c¢ (R = Me¢)].

Complex 13 was dissolved in THF and NaOMe
(4 mL, 2M solution in methanol) was added at 0°C.
The anion 14 was formed instantaneously [14a: R
= Ph, 3P NMR (THF) 6 —45.17 (AB, ‘}HAB) =
402.8 Hz, Ph P(—)), 58.77 (AB, P(O)OEt),) ppm; 14b:
R = (Bu, 3P NMR (THF) 6 —25.0 (AX, J(AX) =
424.8 Hz, (Bu P(-)), 58.0 (AX, P(OXOE1),) ppm]. The
carbonyl compound (acetone or isobutyralde-
hyde—40 mmol and 10 mmol respectively) was then
added and the reaction was followed by 3'P NMR
spectroscopy.

Complex 16a was obtained instantaneously;
complex 16b was obtained after 2 h heating at 40°C.
The final product was purified by column chro-
matography with hexane/ether (98:2) as eluent.

16a: yellow solid; mp <50°C (hexane); 3'P NMR
(hexane) & 181.7; TH NMR (CsDy) 6 0.80 (d, 3/(H-H)
= 6.6 Hz, 3H, CHCH;), 0.87 (d, 3J(H-H) = 6.6 Hz,
3H, CHCH;), 1.6-19 (m, 2H, PCH,), 2.2 (m, 1H,
CHMe,), 3.18 (d, 3J(H-P) = 13.7 Hz, OCH;), 7.0-7.6
(m, Ph); !3C NMR (C,D¢) 8 24.0 (d,J(C-P) = 5.2 Hz),
25.02(d,J(C-P) = 12.6 Hz), 25.30(s), 49.34 (d, J(C-



P) = 39.2 Hz, PCH,), 53.33 (d, 2J(C-P) = 4.0 Hz,
OCHs), 213.57 (d, 27(C-P) = 20.0 Hz, Fe(CO),); IR
(CCly) v (CO) 2070 (m), 1920 (vs) cm™!; mass spec-
trum m/z 364 (M, 10%), 336 (M—CO, 30%), 280 (M—
4CO0, 100%).

16b: yellow oil; 3'P NMR (C¢D¢) §211.2; 'H NMR
(CsDg) 6 1.0 (unresolved m, 15H, CH,), 2.2 (m, 1H,
CHMe,), 3.30 (d, 3J(H-P) = 11.5 Hz, OCH,); 3C
NMR (C¢Dg) 6 18.21 (s, CHCH3), 19.67 (s, CHCH,),
26.50 (s, CMe3), 33.77(d, \J(C—P) = 23.9Hz,CHMe,),
41.83 (d, J(C-P) = 30.5 Hz, CMe,), 56.06 (s, OCH,),
214.27 (d, 2J(C-P) = 17.6 Hz, Fe(CO),); IR (decalin)
v (CO) 2040 (m), 1945 (vs), 1930 (vs) cm~!; mass
spectrum m/z 330 (M, 13%), 302 (M—CO, 23%), 246
(M-3CO, 65%), 218 (M—4CO, 100%).
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