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The reactivity of carbenes! and silylenes? has occupied a
prominent position in chemical research for a considerable time,
and it is likely that it will continue to do so. Phosphenium ions?
(R,P™) constitute a class of molecules that may be considered as
isoelectronic to carbenes and silylenes.* Although the synthesis
and electronic®®* and molecular? structures of phosphenium ions
have been the subject of intense investigations, their reactivity
remains largely unexplored. As shown by Parry and co-workers,
phosphenium ions may behave as Lewis acids or bases, as in their
reactivity toward phosphines® and metal carbonyls,” respectively.
Perhaps more interestingly, Cowley and co-workers have observed
the net insertion of R,P* into a C-H bond in the reaction of
[(i-PryN),P]* with stannocene and plumbocene® and the intra-
molecular rearrangement of [(MesCs)(#-Bu)P]*,° reactions that
reflect the carbene character of R,P*. A well-known reaction of
carbenes and silylenes is the oxidative addition of unsaturated
organic compounds, but this type of reactivity is as yet unreported
for R,P*. We have begun to examine this class of reactions and
now report the 1,4-addition of bis(dimethylamino)- and bis(di-
ethylamino)phosphenium tetrachloroaluminate (1a and 1b, re-
spectively) to 1,3-butadienes (2) to form the corresponding 3-
phospholenium tetrachloroaluminates (3a—c).
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A typical preparation proceeds as follows. One equivalent of
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Table I. NMR Data for Phospholenium lons 3a~c?
compound
nucleus 3a 3b 3c
#p{'H} 84.2 78.1 71.5
'H
R 2.84 (d, 10) 1.22 (t, 7). 1.20 (t, 8),

2.88-3.43 (m) 2.88~3.43 (m)
ring CH, 1.98 (br) 1.95 (br) 1.88 (br)
ring CH, 3.07-b 2.80-b b
vinyl H 5.73 (d, 36) 5.75 (d, 35)

13C {‘H}
R 37.8 (3.9) 14.2. 14.2,

41.6 (3.9) 41.5 (br)
ring CH, 20.0(1L.7) 19.9 (1L.7) 16.5(13.7)
ring CH, 27.3(78.1), 29.1 (78.3), 33.7 (80.1)

30.4 (82.0) 32.2(82.0
vinyl C 120.1 (9.8), 120.2 (7.8), 128.0(9.8)
137.2(13.7) 137.1 (15.6)

@ The 3P and !*C NMR spectra were 'H noise-decoupled and
were obtained on a Bruker WP-60 spectrometer. The 'H NMR
spectra were obtained on a Varian EM360 spectrometer.  All
samples were run as CD, Cl, solutions, and the numbers in paren-
theses are coupling constants in hertz. ® Buried by the R signals.

the diene is added dropwise to a solution of 11° (~0.1 M) in
CH,Cl, at 0 °C, and after warming, 3 is precipitated as a white
solid by the addition of pentane. The reactions are carried out
on the multigram scale and typically give isolated yields of about
90%, although the 'H NMR spectra of reaction mixtures indicate
that they essentially go to completion. The 3P, 'H, and 3C NMR
data for 3a—c are contained in Table I, and they are entirely
consistent with the 3-phospholenium ion structure.!’ The fact
that 3c shows only one signal each for the ring methyl, methylene,
and vinyl carbons in the 1*C NMR is consistent only with the
symmetry of the 3-phospholenium ion structure and rules out that
of the alternative 2-phospholenium ion.

The formation of 3 from 1 and 2 appears to be a useful synthetic
approach to five-membered phosphorus heterocycles. Currently,
the synthesis of such systems depends largely on the reaction
between 1,3-dienes and chlorophosphines, the McCormack re-
action.!? The McCormack reaction is, however, a very sluggish
process taking days and sometimes weeks to reach completion.
In contrast, the reaction of 1 with 2 proceeds on a more convenient
time scale; a 'H NMR spectrum taken 15 min after the addition
of 1b to 2a indicates complete formation of 3b. For comparison,
'H NMR of a CH,Cl, solution 0.5 M in 2a and (Et,N),PCl and
0.01 M in cupric stearate shows no reaction after stirring at room
temperature for 5 days. We attribute the increased rate of reaction
of 1 over that of the chlorophosphines to the greater electrophilicity
of 1.

The addition of 1 to 2 firmly establishes the carbenoid nature
of R,P*. Although carbenes undergo 1,2-cycloaddition to 1,3-
dienes to yield vinyl cyclopropanes, both silylenes (R,Si)? and
germylenes (R,Ge)!? are known to add to 1,3-dienes in a 1,4
fashion to give silacyclopentenes and germacyclopentenes, re-
spectively. As yet, no such reaction has been reported for stan-
nylenes (R,Sn).

(10) Compounds 1a and 1b were prepared by the addition of aluminum
chloride to the parent chlorophosphines in CH,Cl, and used directly without
isolation.

(11) Products 3a—c gave satisfactory elemental analysis data,
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There are several pathways that the mechanism of the cyclo-
addition may follow. The simplest would be a concerted thermal
[2 + 4] cheletropic addition. Alternatively, the reaction may
proceed via a two-step addition involving an unstable 1,2 adduct
(vinyl phosphiranium ion) which rearranges to give the 1,4 adduct.
The former mechanism has been shown to predominate in the case
of R,Ge!? while the latter holds for R,Si,2 both of which are
expected to exist as ground-state singlets.!* There is also the
possibility of a nonconcerted addition that passes through a bi-
radical intermediate and is expected for the addition of a triplet
species. However, since R,P* is almost certainly a ground-state
singlet,4 this last mechanism is unlikely. At this time, both the
[2 + 4] cheletropic and the stepwise addition remain as equally
viable candidates.
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In the singlet state, phosphenium ions (R,P*) feature both a
lone pair and a vacant orbital at the cationic center. The an-
ticipated amphoterism of these cations is evidenced by the fact
that they interact with Lewis bases,! undergo C-H oxidative
addition reactions,? and function as ligands.> We now report that
phosphenium ions react readily with a variety of 1,3-dienes.

Typically, 0.290 g (3.5 mmol) of 2,3-dimethyl-1,3-butadiene
was added to a solution of 0.720 g (1.8 mmol) of [(i-
Pr,N),P]*[AICL,]” (1)* in 50 mL of CH,Cl, at 0 °C. 3!P{!H}
NMR monitoring of the product, 2a (8 *'P + 69.6), indicated that
the reaction was complete in ~12 h.>¢ The 3-phospholenium
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22, R, =R, =H;R, =R, = Me (95% yield, mp 132 °C)
b, R, =Me; R, =R, =R, = H (927% yield, mp 144 °C)
¢, R, =R, =R, =R, =H (73% vield, mp 153 °C)
d, R, =Me; R, =R, =R, = H (64% yield, mp 175 °C)
e,R, =R, =Me;R, =R, =H (55% yield, mp 167 °C)

cation structure for 2a was deduced from the following NMR data:
BC{'H} (CH,Cl,) (20.0 MHz) 8 16.0 (Me (ring), d, Jpcce = 14.5
Hz), 22.6 (Me (i-Pr), s), 37.1 (CH,, d, Jpc = 76.5 Hz), 47.9 (CH
(i-Pr), d, JPNC =4.1 HZ), 127.3 (C (ring), JPCC =11.5 HZ)', 1I‘I
NMR (90.0 MHz) (CH,Cl,) 6 1.3 (Me (i-Pr), d, 12 H, Jyccu
= 7.5 Hz), 1.8 (Me (ring), br, 6 H), 3.1 (CH,, d, 4 H, Jpcy =
11.1 Hz), 3.7 (CH (i-Pr), m, 4 H). The structure was confirmed
by a single-crystal X-ray diffraction study’ and shows that the
double bond is located between C(2) and C(3) (1.313 (5) A), the
other C—C bond lengths averaging 1.517 (5) A (Figure 1). The
[(i-Pr,N),P]™* unit* changes little on coordination: the P-N bond
lengths increase by an average of 0.013 (4) A while the N-P-N
angles widen by 1.3 (2)°. The nitrogens remain trigonal planar.

The times for reaction completion for the other 1,3-dienes are
dependent upon steric and electronic factors. Thus, the less ac-
tivated dienes, isoprene and 1,3-butadiene, require ~24 h at 25
°C and afford the 3-phospholenium cations 2b (3 3P + 76.5) and
2¢ (3 3'P + 76.0), respectively. The more sterically hindered dienes
trans-1,3-pentadiene and trans-2,trans-4-hexadiene produce 2d
(83'P + 79.7) and 2e (5 *'P +88.7) in 3 and 9 days, respectively.
Reaction times can be decreased even further by using the less
bulky phosphenium ion [(Me,N),P]*. For example, [(Me,N),P]*
reacts with 2,3-dimethyl-1,3-butadiene and isoprene in ~1 h (upon
warming) from -78 to 25 °C) affording 3a (6 *'P +82.7) and 3b
(6 *'P +89.6), respectively. The structures of 3a and 3b were
shown to be analogous to those of 2a and 2b by 'H and *C NMR
spectroscopy.® The chlorophosphenium ion [(i-Pr,N)(CI1)P]* also
reacts very cleanly and rapidly (~30 min) with 2,3-dimethyl-
1,3-butadiene to afford the corresponding 3-phospholenium cation,
da (3 3P +93.4).

It was first recognized by McCormack® that dihalophosphines
react with 1,3-dienes and upon hydrolysis produce phospholene
oxides. However, the McCormack reactions require several days
or weeks for completion. The dramatic reduction in reaction times
for the corresponding phosphenium ion reactions is due to their
electrophilic nature.

Finally, we note that phosphenium cations are computed to be
ground-state singlets.!® The reactions of these cations with, in
particular trans-2,trans-4-hexadiene show only one product ac-
cording to *'P NMR spectroscopy, thus suggesting the anticipated
stereospecificity of the addition reaction. Further studies of the
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of 5869 unique reflections measured on an Enraf-Nonius CAD-4 diffractom-
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parameters, occupancy factors, and thermal parameters were refined inde-
pendently to obtain the best fit. Full details will be published in due course.
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