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The 5-alkylidene-4,5-dihydro-3H-1,2,4(A%)-diazaphospholes
(4-phosphapyrazolines) are thermally much more stable than
related compounds without the exocyclic double bond. Ther-
molysis reactions typically occur in the range 110—150°C in
toluene solution, and different, mostly competing, reaction
pathways are observed. Thermal extrusion of nitrogen from
6a—g gives rise to B-phosphanylsiloxyalkenes 10, benzo|c]-
phosphole derivatives 11, 14, and 15, (B-siloxyalkylidene}-
phosphiranes 12, and dihydro-1,3-oxaphospholes 13. The

thermolysis of 5-alkylidene-4,5-dihydro-4-trimethylsilyl-3-
trimethylsilyloxy-3H-1,2,4-diazaphospholes 17  afforded
three products, including the highly substituted and stable
2-phosphabutadienes 18 formed by nitrogen extrusion and
rearrangement. Finally, the 4-chloro-3-trimethylsilyloxy-sub-
stituted heterocycle 21 was transformed at 170°C into 4H-
1,2,4-diazaphosphole 23. The structures of 13c and 18a were
determined by single-crystal X-ray diffraction.

A convenient route to bis(alkylidene)phosphoranes 2 and
phosphiranes 3 is provided by the thermal or, less fre-
quently, the photochemical, extrusion of dinitrogen from
4,5-dihydro-3H-1,2,4(*)-diazaphospholes 1. So far, the
heterocycles 1 have been prepared exclusively by [3 + 2]
cycloaddition of diazo compounds to phosphaalkenes!!~>l;
quite often, the nitrogen elimination already occurs during
the cycloaddition procedure at or below room tempera-
turel’*~. The resulting bis(alkylidene)phosphoranes 2 (as
well as those prepared by other methods and which are sub-
stituted differently™) typically undcrgo a thermally in-
duced, conrotlatory 4m-electrocyclic isomerization to the
thermodynamically more stable phosphiranes 3. Depending
on the substituent pattern, this rearrangement occurs in a
temperature range between —80 and +120°C, i.e. com-
pounds 2 can have a flecting existence (e.g. 2, R? = C]ll=f)
and can be detected spectroscopically at room temperature
(e.g. Rl = R? = SiMe;, R* = R* = R® = Ph!!l), or a stable
enough to be isolated (SiMe; groups at one or both C
atoms, NR, at PU'#:®3) Thermal reactions of 2 which do
not lead to phosphiranes are rarels),

Several 4,5-dihydro-3H-diazaphospholes do not lend
themselves as precursors to 2 and 3. As in other cases (see
above), the dediazonation of P-trimethylsilyl-substituted
derivatives 4 already occurs under the conditions of their
synthesis by [3 + 2] cycloaddition, but phosphaalkenes 5
are obtained. A _ triotropic” reaction mechanism was sug-
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gested, in which 1,2-migration of the trimethylsilyl group
attached to the phosphorus atom, and the extrusion of ni-
trogen, occur simultaneously.

In other cases, the extrusion of N, from 1 is prevented
by faster elimination or isomerization reactions. Unassisted
thermal 1,2-elimination of chlorotrimethylsilanel®2 2], or
base-catalyzed 1,2-elimination of hexamethyldisiloxane!?d-4]
accompanied by a 1,3(C—N) shift of H or SiMe,, leads to
aromatic 1H-1,2,4-diazaphospholes®*~44, For 1 (R! =
R2 = SiMe;, R3 = Cl, R* = fBu or SiMe;, R® = H), forma-
tion of a phosphirane 3 competes with a 1,3(C—N) SiMe;
shift, leading to a 4,5-dihydro-1H-1,2,4-diazaphosphole!?,

We have found recently that 5-alkylidene-4,5-dihydro-3 /-
1,2,4(A%)-diazaphospholes can be synthesized from phos-
phaalkenes, and 1-diazo-2-siloxyethenes generated in situ
from o-diazo-o-silyl ketones!®”l, These novel phoshole de-
rivatives are thermally much more stable than their related
compounds lacking the exocyclic C—C double bond, and
can therefore be isolated and handled conveniently!],
Nevertheless, we expected them to lose nitrogen at higher
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Scheme 1. Thermolysis of diazaphosphole derivatives 6; see Table 1 for substituents and products
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temperatures and, according to equations (1) and (2), to
give access to the barely known 2-alkylidenephosphiranes®!
and to the novel 2-phosphabutadiene!®! derivatives. In this
paper, we show that these goals could indeed be reached,
but that the thermal decomposition of the 5-alkylidene-4,5-
dihydro-3H-1,2,4(A%)-diazaphospholes (4-phosphapyrazol-
ines) may also follow other pathways.

Results

Thermolysis of 5-Alkylidene- P-mesityl-3H-1,2,4-diazaphospholes
6a—g

We have already reported!®l that thermolysis of 5-alkylid-
ene-4,5-dihydro-3H-1,2,4-diazaphospholes 6a, b in boiling
toluene provides not only the expected alkylidenephosphir-
anes 12a, b as the main products (12a: 47%; 12b: 48%),
but also a considerable amount of (2-siloxy-1-alkenyl)phos-
phanes 10a, b (10a: 32%; 10b: 33%), as shown in Scheme
1. Tt should be noted that the configuration of the silyl enol
double bond in 6 is retained in the alkenylphosphane, but
inverted in the alkylidenephosphirane. These observations
are in agreement with the generally accepted decomposition
pathway of 4,5-dihydro-3H-1,2,4-diazaphospholes, i.e. in-
itial formation of a 1,3-diradical after loss of N,, followed
by electron redistribution to give a bis(alkylidene)phosphir-
anel!®. In our case, the 1,3-diradical 7 is considered to be
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the direct precursor of 10 by intramolecular hydrogen atom
abstraction from an isopropyl group, whereas 12 results
from the (methylene)vinylidenephosphorane 8 by a conrota-
tory electrocyclic ring closure. It should be noted that phos-
phiranes 12a, b, in spite of their ring strain[!"), are thermally
very stable compounds. For example, 12a survived intact a
distillation at 190°C/0.005 mbar and heating in toluene (24
h at 150°C followed by 3 h at 190°C).

Further substituent variations at the silyl enol moiety of
6 opened the path to even more reaction channels during
the thermolysis of these 4-phosphapyrazolines. The results,
together with the suggested reaction pathways, are dis-
played in Scheme 1; reaction conditions and product yields
are given in Table 1. In order to prevent the formation of
vinylphosphanes 10 and to increase the yield of alkylidene-
phosphiranes 12, we first replaced the triisopropylsilyl
group in 6 by SiPh,/Bu and SiMe,zBu substituents. Nitro-
gen elimination from 6¢, d occurred more rapidly than for
6a, b, indicating that the remote silyl group had an unex-
pectedly high influence on either the ease of C—N bond
dissociation or on the stability of the developing vinylic rad-
ical center in 7. To our further surprise, alkylidenephosphir-
anes were obtained only in trace amounts (12¢), or not at
all (12d). In both cases the 2,3-dihydro-1,3-oxaphospholes
13 were the major products. We assume that the methylene-
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(vinylidene)phosphorane 8, instead of undergoing the 4n-
cyclization to form 12, isomerizes to the acylbis(methylene)-
phosphorane 9 by a 1,3(0—C) silyl shift, and that 6n-cycliz-
ation of 9 then leads to 13. It could be argued that the
vanishing yield of 12 is due to rapid rearrangement into
13 by a thermal 1,3(0—C) silyl shift and subsequent ring
expansion of the formed 2-acyl-2-silylphosphirane. How-
ever, 12¢ proved to be completely stable even after 20 h at
109°C in [Dgltoluene. Furthermore, > ’P-NMR spectro-
scopic monitoring of the thermolysis of 6¢ in toluene did
not indicate any build-up of 12¢, with respect to 13¢, until
6c had disappeared completely. On the contrary, we will
show in a forthcoming paper that prolonged heating of di-
hydrooxaphospholes 13 results, inter alia, in the formation
of methylenephosphiranes 12!

Table 1. Thermolysis of diazaphosphole derivatives 6; reaction condi-
tions and products

1

R SiR;  Reaction time Products and yields [%]
at110°C 10 11 12 13 14 15
6a  Bu SKiPD, 16h 2 4
6b 1-Ad®  sigPo, 16h 33 48
6c {Bu SiPhBu 20 min 6 83
6d tBu SiMe,Bu 20 min 13 73
6e Me SiP); 5 min') 4todl
6f 4MeOCH, Si(iPr); 15 minl 27 54
6g 4-ONCH, Si(Pe), 10 min 251!

[ 1—-Ad = l-adamantyl. — ™! Extrusion of nitrogen is significant
already at 80°C, especially for 6e, g. — [ Compound 16e (10%) was
also obtained after chromatographic workup; some unidentified by-
products could not be isolated. — 9 High loss of product during
work-up.

The composition of 13¢ was revealed by an X-ray crystal
structure analysis. Figure | shows one of the two symmetry-
independent molecules in the unit cell. The crystals also
contain dichloromethane molecules; their partial disorder
(see Experimental Section) limits the precision of the struc-
ture refinement. The heterocyclic ring has an envelope con-
formation with C-1 at the tip. The two independent mol-
ecules show appreciable differences in the torsion angles
around the substituent/ring and the Si/phenyl bonds. the
NMR data of 13¢, d do not reveal a great deal. The 3'P
NMR (13c: & = 14.3; 13d: § = 26.6) indicate the A’c>-
phosphane. Due to the substituent effects, the *C-NMR
chemical shifts of the ring atoms C-2 and C-4 are outside
the ,,typical” ranges [C-2: § = 94.0 (13¢) and 91.7 (134d); C-
4: 3 = 89.5 (13¢) and 92.0 (13d)]. The large 'Jp coupling
constants manifest the high s-character of the P-C
bond M™Y. The mesityl ring, which adopts an orthogonal po-
sition relative to the heterocycle (see Figure 1), is ro-
tationally hindered and its ortho-methyl group, oriented
towards the phosphorus lone pair, is distinguished by a
large 3Jpc coupling constant (13¢: J = 34.5 Hz; 13d: J =
37.7 Hz).

Much more revealing are the NMR data of the by-prod-
uct formed in the thermolysis of 6d, allowing the unam-
biguous assignment to the 3,3a-dihydroisophosphindole
114d. The 'H-NMR spectrum shows not only 5 aromatic H
atoms (besides those of the mesityl ring), but also 4H atoms
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Figure 1. Structure of 13c in the crystal; only one of the two symme-
try-independent molecules in the unit ccll is shown(?!

[2] Selected bond lengths [A), bond angles [°] and torsion angles [°];
values given after the slash (/) refer to the second molecule: O—C1
1.451(7)/1.448(8), C1—P 1.872(6)/1.876(7), P—C2 1.821(7)/1.829(7),
C2—C3  1.348(9)/1.350(9), C2-Si 1.897(7)/1.895(6), P—Cl16
1.856(7)/1.855(6); O—C1—P 104.5(4)/105.2(4), C1—-P—C2 89.0(3)/
89.0(3), P—C2—-C3 109.1(5)/110.0(5), C2—C3—0 118.1(6)/117.3(6),
0—-C3—-C41 108.3(5)/107.8(6), C2—C3—C41 133.6(6)/134.9(6),

P-C2-Si  118.04d)/119.0(4), C3-C2-Si  130.9(5)/128.6(5),
C2-P-Cl6 110.6(3)/112.6(3), C16-P—Cl 105.4(3)/106.2(3);
Si—C2—-C3-0  164.5(5)/-163.8(4), P—C2—C3~C41 " 177.7(6)/

—179.8(6), C3—C2—P—C16 92.8(5)/96.4(5).

in the olefinic range with the expected!'? long-range coup-
ling constants Jpy; and Jiy 5. The high value of 3Jpy (17.8
Hz) indicates the syn relationship between the phosphorus
lone pair and the angular proton!'Y, The E configuration
of the exocyclic double bond is suggested by a “/pc = 8.0
Hz, which is similar to that found in (E)-6U1. The formation
of 114 is readily explained by a 1,5-cyclization of diradical
7’ which is mesomeric with 1,3-diradical 7, but it is also
possible that the 6n-cyclization of 8 can occur. Although a
thermal 1,3- or 1,7-H shift is not a process allowed by or-
bital symmetry, the stability of 11d towards aromatization
is surprising, especially since thermolysis of 6f, g yielded
directly the phosphindoles 14 and 15, rather than com-
pounds 11f, g (see below).

Not only the silyl group but also the substituent R! affect
the thermal stability and the decomposition pathway of 4-
phosphapyrazolines 6, as the comparison between the tri-
isopropylsiloxy-substituted derivatives 6a, b and 6e—g
shows. In the latter three cases, alkylidenephosphiranes 12
or vinylphosphanes 10 were eventually detected in the prod-
uct mixtures in trace amounts by their 3'P-NMR signals,
but they were never isolated; rather, derivatives of 1,3-oxa-
phospholes (13, 16) and/or benzo[c]phospholes (14, 15)
were obtained. Compounds 6ée—g are the thermally most
labile diazaphosphole derivatives reported here, already re-
leasing nitrogen at an appreciable rate at 80°C. For the ther-
molysis of 6e, the crude mixture of the diastereomers (£
and Z) can be used, since an experiment with the pure E
isomer, obtained only after repeated crystallization!”), does
not lead to different results. While the *'P-NMR spectrum
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indicates 13e as the main product, the sensitivity towards
air and moisture impairs isolation and purification of this
heterocycle. During chromatographic workup, the majority
of 13e is oxidized to form the cyclic phosphinoxide 16¢, but
this compound seems to be easily consumed by desilylation,
leading to an unknwon material of very low solubility. After
the thermolysis of 6f, 1,3-dioxaphosphole (13f) and benzo-
[c]phosphole (14f) derivatives were isolated in a 1:2 ratio in
a combined yield of 81%; trace amounts of 10f and 12f
were identified in the crude product mixture by their *'P-
NMR signals. Thermolysis of 6g affords the dihydrobenzo-
[c]phosphole oxide 15g; the low yield is partly due to the
difficulty in separating this product from the polymeric
material also formed. It seems likely that the formation of
14f and 15g has the same origin as discussed above for 114,
this time followed by a spontaneous aromatization of 11f,
g to give 14f, g. Isolation of 15g instead of 14g is likely to
be caused by fast oxygen transfer from the nitro group to
the A*,6°-P atom. Nitro as well as nitroso groups are well
known as oxygen sources for the transformation of A3c*-
phosphanes into phosphane oxides!!3),

The composition of 13e, f follows immediately from the
close similarity of the NMR spectral data with that of 13¢,
d (see above). The phosphane oxide function of 16e is indi-
cated by the IR spectrum [v (P=0) = 1190 cm!], the ex-
pected effects on the '3C chemical shifts, and also by the
increased 'Jpc coupling constants as compared to those
of 13¢—1.

The NMR data also leave no doubt about the structure
of benzo[c]phosphole derivatives 14f and 15g. In both
cases, the signals in the '"H-NMR spectrum (400 MHz)
show the presence of one aromatic proton less than in the
starting material, and the ABCD spin system of the con-
densed aromatic ring is well resolved. For 14f, the magni-
tude of 2Jp3y (21.1 Hz) indicates the 2,300 diastereo-
mer*!1. The E configuration is suggested in the *C-NMR
spectrum by large longe-range coupling constants from P
to the anisyl substituent (Jpc = 3.9 Hz; *Jpc = 5.5 Hz).
In comparison with 14f, the *'P-NMR spectrum of di-
hydrobenzo[c]phosphole oxide 15g shows the expected low-
field shift for the A’g%P atom (8 = 56.2). The oxidation
is further indicated by markedly increased 'Jpc coupling
constants, the elemental analysis, and a mass spectrum. The
syn relationship between the oxygen atom and 3-H is sug-
gested by the large 2Jpy coupling constant (25.0 Hz)!''l
For the silyl enol double bond, the E configuration may
again be assumed, based on the similarity of chemical shifts
and the observation of small *Jp coupling constants for
the 1*C-NMR signals at & = 140.7 (/ = 2.9 Hz) and 143.0
(J = 1.9 Hz), one of which must be assigned to the ipso-C
atom of the 4-nitrophenyl ring. Due to the A°c* character
of the P atom, a *Jp¢ coupling to the 4-nitrophenyl ring
can no longer be observed.

Thermolysis of 5-alkylidene-P-trimethylsilyl-3H-1,2,4-
diazaphospholes 17

As mentioned in the introduction, P-trimethylsilyl-4,5-di-
hydro-3H-1,2 4-diazaphospholes 4 are readily transformed
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into phosphaalkenes 5 by loss of N, and 1,2-migration of
the SiMe; group. We expected that application of this trans-
formation to 5-akylidene-4,5-dihydro-3#-1,2,4-diazaphos-
pholes 177 would give access to new cxamples of the barely
known 2-phosphabutadienes. While the transformation 4 —
5 occurs already at, or below, room temperature® (only
3H-4,5-dihydro-1,2,4-diazaphospholes, with bulky substitu-
ents at C-3 and C-5, are moderately stable and can be isolat-
edBd-4) the thermal reaction of the S-alkylidene-4,5-di-
hydro-1,2,4-diazaphospholes 17a, b is complete only after
heating at 150°C in toluene for 4 h (Scheme 2). The *'P-
NMR spectrum of the thermolysis mixture from 17a
showed three major signals at & = 151.4, 109.2, and 63.2 in
the ratio 51:11:38 (from 17b: 6 = 153.0, 109.1, 63.7, ratio
49:13:38). To our satisfaction, the low-field signals be-
longed to the 2-phosphabutadienes 18a, b, which could be
obtained as air-sensitive crystals after bulb-to-bulb distil-
lation and crystallization from toluene in 26 and 30% yield,
respectively. These phosphadienes are also very sensitive to
the acid traces present in chloroform. The 1H-1,2.4-diaza-
phospholes 19a, b, giving rise to *'P-NMR signals at ca.
6 = 109, were formed as minor by-products but were not
isolated. Compound 19a was identified by NMR by com-
parison with a sample prepared independently!™. It is
reasonable to assume that 19a and b result from a thermally
induced elimination ol hexamethyldisiloxane, followed by a
(formal) 1,7(0—N) silyl group migration (or from the re-
versed sequence of events). In both thermolyses, a so far
unknown product, causing the ¥P-NMR signal at § = 63,
was formed in a significant quantity, but it could not be
isolated in its pure form due to its high sensitivity to air
and/or moisture. The '*C-NMR spectra (sec Experimental
Section) and elemental analysis of (still impure) samples
suggest that these compounds differ from the precursors 17
only in the position of the SiMe; and OSiMe, groups.
2-Phosphabutadienes represent a little known class of
compounds in both their synthetic and structural aspects®.
The parent compound™, and derivatives which are not
heavily substituted, have a high tendency to polymerize
even at low temperatures. With the exception of the P-
pentacarbonyltungsten complex of a 2-phosphabutadiene
201¢l, no experimental study on the structures of these het-
ero-1,3-dienes exists. The rotational energy surfaces of 2-
phosphabutadicnes and their equilibrium with 3,4-dihydro-
phosphetes via a conrotatory 4n-clectrocyclic reaction were
recently the subject of ab initio calculations!". It was
pointed out that, for the parent system, the 3,4-dihydropho-
sphete isomer is energetically favored by 8.41 kcal/mol
(MP2/6-31G*//6-31G*), and that the ring opening requires
an activation barrier of 40.76 kcal/mol to be overcome!*4%,
For the parent 2-phosphabutadiene, single-point energy cal-
culations at the same level of theory using the optimized
HF structures predict that the gauche isomer lies 2.06 kcal/
mol above the {rans isomer, with a rotational barrier of 3.59
kcal/mol (at ¢ = 94.06°) between them, and that the cis
isomer is 4.88 kcal/mol less stable than the frans isomer!44],
The energy gap between the 3,4-dihydrophosphete and the
2-phosphabutadiene (and its three conformers) is conse-
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quently so narrow, that substituents should be able to
change the energetic situation completely.

Scheme 2
T
ms R
TmsO [!)
fBU"‘*i %OSi iPr
=N Py
17a.b
|150 oc
ﬁz ‘—Tmszo ‘
R
Tms R
Bu =< tBu ‘PY& structural
¥=P"  OSi(Pr), \ﬁ_N Y isomer of 17
Tms0 “Si(iPr),
18a,b 19a,b
a:R=tBu; b:R=1-adamantyl

Tms = SiMe,

With crystals of 18a to hand, we were able to determine,
for the first time, the crystal structure of an uncomplexed
2-phosphabutadiene. Figure 2 shows that 18a exists in the
(1E,37) configuration, and that the phosphadiene unit
adopts a gauche conformation (¢ = 76.7°). The P=C bond
length is in the typical range®®, and the P—C bond length
is typical for a single bond of this type (see HF/6-31G*
calculations for representative examples!’”l: 1.832—1.868
A). Interestingly, the P—C bond in 18a is longer by 0.046
A than in Mathey’s P-complexed phosphadiene 201,
which has a planar s-trans conformation. The bond elon-
gation in the gauche conformation with respect to the
planar conformation is also predicted by theoretical calcu-
lations!!?a, Whether, or how much, this change reflects a
loss of conjugation between the two n-systems of the phos-
phadiene, is not clear if one considers discussions in earlier
papers®®f. It is clear that the bulky substituents at all three
carbon atoms of our phosphadiene enforce the gauche con-
formation, since both the cis and the trans planar arrange-
ments would entail larger steric interactions. Even in the
gauche conformation, unfavorable 1,2-cis interactions be-
tween the bulky substituents can only be partly relieved by
a widening of the respective bond angles at C1, C2, and C3.

The PC-NMR spectra of 18a, b display the signals of
the heterodiene unit at expected values [3(P=C) = 205.0/
204.5; 3(C=C) = 108.3/108.1 and 172.7/173.1]. Further-
more, analysis of the P,C coupling constants confirms the
configuration and conformation as found in the solid state.
The small *Jp coupling constants of the C-attached tri-
methylsilyl group (18a: J = 5.7 Hz; 18b: J = 5.9 Hz), in
combination with the relatively large 3Jpc coupling con-
stant to the iPr groups (7.3 and 7.7 Hz), can only be under-
stood if the 2-phosphabutadienes exist as guuche confor-
mers with a Z configuration at the C=C bond. The gauche
conformation is also suggested by the very small coupling
between P and the triisopropylsiloxy-substituied olefinic
carbon atom (3 Hz). While the corresponding 2Jp ¢ values
in 2-phosphabutadienes unsubstituted at C-3 are in the
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Figure 2. Structure of 18a in the crystal; top: molecule plot showing
ellipsoids of thermal vibration; bottom: molecule plot illustrating the
conformation of the phosphadiene unitl

fa] Selected bond lengths [A], bond angles [°] and torsion angles [°]:
P1-C1 1.702(3), PI—C2 1.846(3), C2—C3 1.356(4); C1-P1—C2
109.6(1), P1—C2—C3 116.7(2), P1—C2—Si2 111.5(1), C3—C2-Si2
129.6(2), C2—C3—C4 129.2(2), P1—C1—Cl1 136.6(2), PI-C1-01
114.8(2), Cl1-01-Sil  1363(2), C3-02-5i3 141.8(2);
C1-P1-C2—-C3 —103.3(2), C2—-P1—C1—C11 6.6(3).

Ph

—
—
=P 20

T
Me, HC W(CO),

range of 15—30 Hz <, a similarly low value has also been
reported for 1,3-di-fert-butyl-2-phosphabutadiene™, an-
other phosphadiene that bears a bulky substituent at C-3.
The configuration at the P=C bond can also be concluded
from the P,C coupling constants. The comparatively large
*Jpc coupling to the OSiMes substituent (4.9 Hz), and the
rather small 2Jp  coupling to the rers-butyl group (13.8 and
13.6 Hz), suggest the E configuration for 18a and b, since
larger 2J and zero *J valucs have been reported for a
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phosphaalkane that has the /Bu group cis, and the OSiMe;
substituent trans to the lone electron pair at P11,

It should not be concealed that the *'P-NMR spectrum
of “analytically pure” 18b shows, besides the signal of the
gauche isomer (5 = 153.0), a second signal at 3 = 153.2 in
a 10:1 ratio, indicating the presence of a second stereo-
isomer. A related observation was made when the progress
of a thermolysis of 17a at 110°C was monitored by 3'P-
NMR spectroscopy. A weak signal at & = 152.7, which de-
creased towards the end of the reaction, may again be as-
signed to a stereoisomer of gauche-18a. In both cases, the
identity of the minor isomer could not be established due
to the lack of *C-NMR data.

Thermolysis of 4-Chloro-4,5-dihydro-3-trimethylsiloxy-3H-1,2,4-
diazaphosphole 21

Compound 21 is, thermally, a surprisingly stable com-
pound. Thermolysis in toluene was complete only after 8 h
at 170°C. As the only product, 4H-1,2,4-diazaphospholc 23
was isolated in good yield (Scheme 3). Obviously, even at
this high temperature, no extrusion of N, has taken place.
We explain the formation of 23 by the elimination of
chlorotrimethylsilane from 21, in concert with, or followed
by, a 1,2(C—P) fert-butyl group migration; the resulting in-
termediate 22 could then isomerize to 23 by a (probably
bimolecular) O—O silyl group shift. It is remarkable that
the thermal impact on 23 does not cause elimination of
isobutene and formation of an aromatic 1H-1,2,4-diaza-
phosphole, since this was observed for another 4-tert-butyl-
1,2,4-diazaphosphole®¥ and for 4-fert-butyl-4,5-dihydro-
1H-1,2,4-diazaphospholes.

Scheme 3
ci
Tms\ v Bu ﬂ?u Bu
@Yj 170°C o P
Buwmd 0 —_— T f\o
- h - TmsCl - o
Si(Pr), SitiPr),
21 22
silyl
shift
Bu gy
O 5 P 3
(iPr),Si” *ﬁ EAO
23,76 %

The structure of 23 was derived from the NMR data.
While the *'P-NMR signal at § = —8.4 indicates a phos-
phane, it does not immediately point to a 4H-1,2,4-diaza-
phosphole. The wide range of 1P chemicals shifts for such
heterocycles is illustrated by the & values of 24all7}, 24bl18],
and 25171 (6 = 19, 56.9, and —52.2, respectively). More evi-
dential are the 13C chemical shifts of C-3 (§ = 160.6) and
C-5 (8 = 192.5); the rather small 'Jp coupling of these
signals indicates again the high p character of the P—C
bond. The §(C-3) values, as well as the low IR wavenumber
for (C=0) of 1645 cm!, are in reasonable agreement with
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the corresponding data for 25, where full n-conjugation be-
tween C=N and C=0 is suggested by an X-ray erystal
structure analysis!”l. One of the two Bu groups of 23 shows
a rather large 3Jpy coupling (14.2 Hz), a clear indication
that this substituent is connected to the phosphorus atom.

R’ Mes

R? P Bu Me,N b [
< N
N-N N-N

Pr),Si’
24a: R'=R%=Ph (Pr)s
24b: R'=R¥={Bu 25
Conclusion

5-Alkylidene-4,5-dihydro-3 H-1,2 4-diazaphospholes have
a much higher thermal stability than their counterparts
lacking the exocyclic double bond. Typically, the extrusion
of nitrogen from these compounds occurs at 110—150°C in
toluene solution and, in most cases, P-containing hetero-
cycles can be obtained that are difficult to obtain otherwise.
A particularly interesting case, however, is the formation of
highly substituted, stable 2-phosphabutadienes from 17. A
straightforward rationalization or prediction of the usually
observed competing reaction pathways is not yet possible.
It is obvious, however, that the large variety of phosphaal-
kenes, which can serve as precursors to the 5-alkylidene-4,5-
dihydro-3H-1,2 4-diazaphospholes, offer opportunities for
the synthesis of many more organophosphorus compounds
of novel structural type or substituent pattern.

We thank the Deutsche Forschungsgemeinschaft (Graduiertenkol-
leg “Phosphor als Bindeglied verschiedener chemischer Diszi-
plinen”) for postgraduate grants to B. M. and JK.

Experimental Section

All reactions were carried out under argon (purity <99.998%).
Solvents were dried by standard procedures. All thermolyses in
toluene that required temperatures above 110°C were done in
thick-walled (2 mm) glass prcssure tubes, fitted with a teflon ring
and a screw cap behind a safety shield. Bulb-to-bulb distillations
wcre carried out in a Bichi GKR 50 apparatus, the reported tem-
peratures being oven temperatures. Column chromatography was
performed on Lobar columns (Merck, LiChroprep Si 60) with an-
hydrous and distilled solvents but not under argon. — Microana-
lyses: Perkin-Elmer Model 2400 elemental analyzer. — Melting
points were determined in a copper block and are not calibrated.
— IR: Perkin-Elmer 1310 Infrared Spectrophotometer. — MS: Fin-
nigan Mat 90. — NMR: Bruker AMX 400 ('H: 400 MHz; '*C:
101 MHz; *'P: 162 MHz), for 'H spectra taken in CDClj solution,
external CHCI; was used as standard, for other 'H and 3C spectra,
the solvent signals served as internal standard. The chemical shifts
for 3'P are relative to external 85% orthophosphoric acid. — The
synthesis of 6a—g, 17a, b, and 21 has already been reported[’.

(Z)-2-[1-(tert-Butvldiphenylsilyloxy )-2,2-dimethylpropylidene ] -
3,3-diphenyl-1-(2,4,6-trimethylphenyl ) phosphirane (12¢) and 5-tert-
Butyl-4-( tert-butyldiphenylsilyl )-2, 3-dihydro-2, 2-diphenyl-3-( 2,4,6-
trimethylphenyl [-1,3-oxaphosphole (13¢): A solution of diazaphos-
phole 6¢ (1.140 g, 1.67 mmol) in toluene (30 ml) was refluxed for
20 min. After cooling and removal of the solvent, crystallization
from dichloromethane/acetonitrile (3:2) at —30°C gave colorless
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crystals of 13c¢. Lobar column chromatography of thc residue
[ether/pentane (1:200)] afforded 12c¢ [yield after crystallization
[rom ether/pentane (1:1): 70 mg (6%); m.p. 137°C], followed by a
small fraction of 13¢ [combined yield: 910 mg (83%), m.p. 165°C
(dec.)]. — Spectral and analytical data of 12¢: IR (KBr): ¥ = 3050,
3025, 2995, 2930, 2900, 2835, 1625, 1585, 1460, 1430, 1415, 1380,
1350, 1250, 1190, 1140, 1100, 1090, 1020, 890, 840, 820, 810, 760,
750, 730, 690, 655 cm!'. — 'H NMR (CDCl;): & = 0.96, 1.21 [2 5,
9H, C(CH3)3], 2.02, 2.20, 2.46 (3 s, 3H, CH,), 6.27, 6.44 (2 s, 1 H,
m-H at Mes), 6.78—6.80 (m, 1H, Ph), 6.86 (t, *Jy 1y = 7.5 Hz, 2H,
Ph), 7.01-7.11 (m, 7H, Ph), 7.19 (t, 3Jyy = 7.2 Hz, 2H, Ph),
7.30—7.43 (m. 4H, Ph), 7.77 (d, *Jxu = 7.9 Hz, 2H, Ph), 7.86 (d,
*Juu = 7.9 Hz, 2H, Ph). — BC{'H} NMR (CDCl,): 5 = 20.3 (s,
SiCMes), 20.8 (s, Me), 22.4 (d, 3Jpc = 26.7 Hz, 0-Me), 22.6 (s,
Me), 22.6 (s, Me), 27.8, 28.6 (2 5, CMes), 39.5 (s, CCMes), 511 (d,
Wpe = 22.4 Hz, CPhy), 116.6 (d, 'Jpc = 48.3 Hz, P—C=), 124.9,
125.1, 126.5, 127.3, 127.4 (5 s, Ph), 127.8, 128.809 (2 s, m-C at
Mes), 128.811 (d, 3Jpe = 13.2 Hz, Ph), 129.4, 1295, 1298 (3 s,
Ph), 131.1 (d, Wpe = 55.5 Hz, i-C at Mes), 133.8, 134.5, 136.2 (3
s, Ph), 136.8 (s, p-C at Mes), 137.1 (d, Jpc = 2.2 Hz, Ph), 140.1,
141.9 (2 s, Ph), 143.7 (d, 2Jpc = 25.9 Hz, 0-C at Mes), 146.0 (d,
2pe = 8.2 Hz, Ph), 163.9 (d, 2Jpc = 8.0 Hz, =C~0). — 3P{'H}
NMR (CDCl3): 8 = —131.5 (5). — CyqqHsgOPSi (652.9): caled. C
80.94, H 7.56; found C 80.9, H 7.5. — Spectral and analytical data
of 13¢: IR (KBr): ¥ = 3040, 3000, 2985, 2950, 2925, 2905, 2880,
2840, 1590, 1490, 1450, 1430, 1415, 1380, 1370, 1350, 1250, 1115,
1095, 1090, 1075, 1015, 1005, 995, 845, 810, 760, 735, 695. — 'H
NMR (CDCL): & = 0.78, 0.86 (2 s, 9H, C(CHa)), 2.13, 2.45 (2 s,
3H, CH,), 2.83 (d, “Juy = 3.6 Hz. 3H, 0-CHs), 6.58 (s, 1H at
Mes), 6.66 (d, “Jp1; = 4.9 Hz, 1H at Mes), 6.88 (1, *J; 1 = 7.3 Hz,
1H, Ph), 6.99 (t, *Ji;5; = 7.8 Hz, 2H, Ph), 7.06 (t, Vi1 4 = 7.6 Hz,
2H, Ph), 7.20—7.33 (m, 7H, Ph), 7.38 (t, *Ju = 7.5 Hz, 2H, Ph),
747 and 7.66 (2 d, *Juy = 7.2 Hz, 4H, Ph), 8.04—8.06 (m, 2H,
Ph). — BC{'H} NMR (CDCL): § = 19.9 (s, SiCMe3), 21.0, 22.0
(2's, Me), 24.4 (d, *Jpe = 34.5 Hz, 0-Me), 28.0 (d, “Jpc = 8.0 Hz,
SiCMes), 29.1 (s, CCMes), 38.0 (s, CCMes), 89.5 (d, Wpc = 46.7
Hz, Si—C=), 94.0 (d, Jpc = 27.6 Hz, CPhy), 125.0 (d, Jpc = 3.6
Hz, Ph), 125.6, 127.0, 127.4, 127.5, 127.8 (5 5, Ph), 127.9 (d, Jpc =
18.0 Hz, Ph), 128.2, 128.4 (2 5, Ph), 129.3 (d, ¥/pc = 7.1 Hz, m-C
at Mes), 129.4 (d, "Jpc = 45.2 Hz, i-C at Mes), 1304 (s, m-C at
Mes), 135.6, 136.3 (2 s, Ph), 137.9 (d, Joc = 3.7 Hz, Ph), 138.6 (d,
Jpc = 2.0 Hz, Ph), 139.4 (s, p-C at Mes), 142.9 (s, Ph), 145.5 (d,
2Jpc = 7.8 Hz, 0-C at Mes), 145.7 (d, 2p = 39.6 Hz, 0-C at Mes),
146.1 (d, Jpc = 32.4 Hz, Ph), 179.1 (s, =C—0). — *'P{!H} NMR
(CDCly): & = 14.3 (s). — CyH4oOPSi (652.9): caled. C 80.94, H
7.56; found C 80.5, H 7.7.

(3E,2a,3af)-3-[1-(tert-Butyldimethylsilyloxy)-2,2-dimethyl-
propylidene J-3,3a-dihydro-1-phenyl-2-(2,4,6-trimethylphenyl )-1 H-
benzofc]phosphole (11d) and 5-tert-Butyl-4-(tert-butyldi-
methylsilyl )-2, 3-dihydro-2,2-diphenyl-3-( 2,4,6-trimethylphenyl)-1,3-
oxaphosphole (13d): A solution of 6d (560 mg, 1.01 mmol) in tolu-
ene (30 ml) was refluxed for 20 min. After cooling and removal of
the solvent, crystallization from dichloromethane/acetonitrile (1:1)
at —30°C gave a mixture ol (wo crystal types, namely colorless
globular hard crystal lumps of 13d on which fan-shaped ensembles
of yellow needles of 11d were sitting, which were separated manu-
ally under argon. Both products were recrystallized from dichloro-
methane/acetonitrile (1: 1) at —30°C and washed with small por-
tions of cold acctonitrile (—40°C). Yield of 13d: 388 mg (73%);
m.p. 101°C; yield of 11d: 70 mg (13%); m.p. 161°C (dec.). — Spec-
tral and analytical data of 11d: TR (KBr): v = 3010, 2940, 2910,
2880, 2840, 1580, 1560, 1455, 1440, 1250, 1150, 1130, 1090, 970,
830, 815, 805, 770, 750, 735, 695 cm'!. — 'H NMR (CDCl,): 6 =
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0.27, 0.31 (2 s, 3H, SiCH3), 1.03, 1.15 (2 s, 9H, C(CH,),), 2.12,
2.26 (25, 3H, CH3), 2.46 (d, *Jpy = 2.4 Hz, 3H, 0-CH3), 4.83 (dd,
*Jpu = 17.8 Hz, *Jy y = 3.0 Hz, 1H, H-3a), 5.95-6.01 (m, 2H,
H-diene), 6.29—-6.33 (m, 1H, H-diene), 6.36—6.39 (m, 1H, H-di-
enc), 6.58 (s, 1H, m-H at Mes), 6.61 (d, “Jpy = 4.8 Hz, 1H, m-H
al Mes), 7.02—7.15 (m, 5H, Ph). — *C{'H} NMR (CDCl;): 8 =
—1.8, —1.4 (2 s, SiMe), 19.7 (s, SiCMej), 20.9 (s, p-Me), 21.9 (d,
}Jpe = 2.4 Hz, 0-Me), 23.4 (d, 3Jpe = 31.9 Hz, 0-Me), 27.0 (s,
SiCMes), 29.7 (d, *Jpc = 8.0 Hz, CCMe3), 38.6 (d, 3Jpc = 1.6 Hz,
CCMe,), 54.4 (s, C-3a), 117.3 (d, Wpe = 20.5 Hz, C-3), 121.2 (5,
C-diene), 123.1 (s, C-dicne), 125.3 (d, Jpc = 3.2 Hz, C-diene),
126.5,127.6 (2 s, Ph), 128.9 (d, Jpc = 4.1 Hz, Ph), 129.1 (d, 3Jpc =
7.2 Hz, m-C at Mes), 129.8 (s, m-C at Mes), 131.3 (d, Wpc = 40.9
Hz, i-C at Mcs), 134.3 (s, diene-C), 137.1 (d, Jpe = 19.3 Hz, C-
1), 138.6 (s, p-C at Mes), 139.3 (d, 2Jpc = 4.3 Hz, 0-C at Mcs),
140.6 (d, 2Jpc = 12.3 Hz, C-7a), 142.9 (d, *Jpc = 34.8 Hz, 0-C at
Mes), 144.2 (d, 2Jpc = 5.7 Hz, i-C at Ph), 163.5 (d, 2Jpc = 33.8
Hz, =C—0). — 3P{!H} NMR (CDCl;3): = —2.9 (s). — MS (EI,
120 eVY; m/z (%): 528 (100) [M*], 513 (29) M* — CHa], 471 (37)
[M*™ — (Bu], 413 (4) [M* — SiMey/Bu], 397 (4 [M* — OSi-
Me,tBul, 371 (9), 342 (7), 328 (5) [M* — (BuMe,SiO)BuC=], 209
(6), 73 (57), 57 (13) [tBu™]. — C34H,4sOPSi (528.8): caled. C 77.23,
H 8.58; found C 77.2, H 8.4. — Spectral and analytical data of 13d:
IR (KBr): ¥ = 3035, 3000, 2940, 2900, 2835, 1585, 1520, 1450,
1430, 1390, 1350, 1250, 1130, 1110, 1070, 1020, 975, 830, 800, 775,
740, 695 cm'. — 'H NMR (CDCly): § = —0.20, 0.24 (2 s, 3H,
SiCH>), 0.87, 1.29 [2 s, 9H, C(CH,);], 2.06, 2.33 (2 s, 3H, CHjy),
2.66 (d, *Joy; = 3.8 Hz, 3H, 0-CHaj), 6.42 (s, 1H, m-H at Mes),
6.57 (d, *Jpy; = 5.0 Hz, 1H, m-H at Mes), 6.80—6.84 (m, 1H,
Ph), 6.90—6.94, 7.08—7.11 (2 m, 2H, Ph), 7.18—7.22 (m, 1 H, Ph),
7.27—-17.31, 7.88—7.91 (2 m, 2H, Ph). — BC{'H} NMR (CDCl,):
8= —09(d, 3Jpc = 17.3 Hz, SiMe), 1.2 (d, */pc = 4.5 Hz, SiMe),
18.9 (s, SiCMc;), 20.8, 22.3 (2 s, Me), 24.3 (d, *Jp = 37.7 Hz, o-
Me), 28.2 (d, “Jpc = 7.8 Hz, SiCMes), 29.8 (s, CCMes), 36.7 (s,
CC(Mcs), 91.7 (d, Wpe = 29.0 Hz, CPhy), 92.0 (d, 'Jpc = 46.6 Hz,
Si—C=), 125.2 (d, Jpc = 3.6 Hz, Ph), 125.4, 127.0, 127.2, 127.6
(each s, Ph), 127.8 (d, Jpc = 17.8 Hz, Ph), 129.0 (d, *Jpc = 6.4
Hz, m-C at Mes), 130.1 (s, m-C al Mes), 130.2 (d, Jp = 45.5 Hz,
i-C at Mes), 138.6 (s, p-C at Mes), 143.1 (s, Ph), 144.5 (d, *Jpc =
34.9 Hz, 0-C at Mes), 144.7 (d, 2y = 7.3 Hz, 0-C at Mes), 146.2
(d, Jpe = 329 Hz, Ph), 173.7 (s, =C—0). — 3'P{'H} NMR
(CDCls): 8 = 26.6 (s). — C3,H,50PSi (528.8): caled. C 77.23, H
8.58; found C 76.8, H 8.4.

2,3-Dihydro-5-methyl-2,2-diphenyl-4-( triisopropylsilyl )-3-(2,4,6-
trimethylphenyl)-1,3-oxaphosphole (13e) and 2,3-Dihydro-5-methyi-
2,2-diphenyl-4-( iriisopropylsilyl)-3-( 2,4,6-trimethylphenyl )-1,3-0xa-
phosphole 3-Oxide (16¢): Diazaphosphole 6e was generated in situ
by stirring a solution of diphenylmethylene(mcsityl)phosphane!*!
(1.175 g, 371 mmol) and 1-diazo-l-(triisopropylsilyl)-2-pro-
panonel¥ (893 mg, 3.71 mmol) in dichloromethane (5 ml) at 45°C
for 2 d in a Schlenk pressure (ubec. The solvent was replaced by
toluene (15 ml). This solution was heated at 110°C for 5 min, and
after cooling the solvent was stripped off. The residue was twice
subjected to Lobar column chromatography, cluating first with
ether/pentane (1:200), then with cther/pentanc (1:400). The two
fractions obtained were cach recrystallized from ecther/pentanc
(1:1) at —=78°C. Yield ol 13e: 75 mg [4% based on diphenylmethyl-
ene(mesityl)phosphane], m.p. 137°C; yield of 16e: 208 mg (10%),
m.p. 158°C. — Spectral and analytical data of 13e: IR (KBr): v =
3040, 3000, 2950, 2920, 2900, 2840, 2820, 2800, 1590, 1560, 1480,
1450, 1430, 1360, 1200, 1175, 1150, 1025, 1005, 985, 880, 865, 845,
750, 735, 695 ¢cm!. — 'H NMR (CDClLs): & = 0.70, 0.93 (2 d,
i = 74 Hz, 9H, CHCH,), 1.13 (sept, *Jyu = 7.4 Hz, 3H,
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CHCH,), 2.10, 2.13 (2 s, 3H, CHa), 2.22 (d. *Jpu = 1.6 Hz, 3H,
OCCHa), 2.82 (d, *Jpy = 4.2 Hz, 3H, 0-CH3), 6.47 (s, 1H, m-H
at Mes), 6.74 (d, *Jpg = 4.9 Hz, 1H, m-H at Mes), 6.89—6.93 (m,
1H, Ph), 6.97-7.01, 7.06—7.09 (2 m, 2H, Ph), 7.11-7.15 (m, 1H,
Ph), 7.22-7.26, 7.72—7.75 (2 m, 2H, Ph). — *C{!H} NMR
(CDCly): 8 = 13.2 (d, 3Jpc = 4.2 Hz, SiCH), 18.2 (s, SiCHMe),
18.78 (d, *Jpc = 1.9 Hz, SiCHMe), 18.82 (d, *Jpc = 6.0 Hz,
OCMe), 20.7, 20.9 (2 s, Me), 24.5 (d, *Jpc = 39.1 Hz, 0-Me), 91.4
(d, "Jpc = 42.5 Hz, 8Si—C=), 93.5 (d, Jp¢ = 32.0 Hz, CPhy),
125.76 (d, Jpc = 4.5 Hz, Ph), 125.85 (s, Ph), 125.88 (d, Jpc = 19.6
Hz, Ph), 126.7 (d, Jpc = 2.4 Hz, Ph), 1274, 127.6 (2 s, Ph), 129.0
(d, 3Jpc = 7.2 Hz, m-C at Mcs), 129.8 (d, 'Jpc = 47.6 Hz, i-C at
Mes), 130.3 (s, m-C at Mes), 139.3 (d, *Jpc = 1.6 Hz, p-C at Mes),
142.6 (d, Jpc = 1.6 Hz, Ph), 145.0 (d, 2Jpc = 4.8 Hz, 0-C at Mes),
145.6 (d, 2Jpc = 39.4 Hz, 0-C at Mes), 147.5 (d, Jpc = 32.2 Hz,
Ph), 166.1 (s, =C—0). — 3'P{'H} NMR (CDCl;): § = 23.2 (s). —
C34H,4sOPSi (528.8): caled. C 77.23, H 8.58; found C 77.9, H 8.4.
— Spectral and analytical data of 16e: IR (KBr): v = 3040, 2945,
2920, 2870, 2845, 1565, 1480, 1450, 1435, 1360, 1215, 1200, 1190
(P=0), 1155, 1060, 1040, 1025, 1000, 985, 890, 875, 745, 695 cm'.
—~ 'H NMR (400.1 MHz): 6 = 0.83, 098 2 d, *J, 4 = 7.5 Hz,
9H, SiCHCH,), 1.33 (sept, *Juu = 7.5 Hz, 3H, SiCHCH3), 1.90,
2.17, 2.37, 2.83 (4 5, 3H, CH,), 6.48 (d, *Jp = 3.6 Hz, 1H, m-H
al Mes), 6.87 (s, L H, m-H at Mes), 7.01-7.10 (m, 4H, Ph), 7.17 (t,
3gn = 7.2 Hz, 1H, Ph), 7.25—7.37 (m, 5H, Ph). — *C{'H} NMR
(CDClLy): 8 = 12,6 (d, 3Jpc = 1.1 Hz, SiCH), 18.5, 18.8 (2 s,
SiCHMe), 20.3 (d, 3Jpc = 11.2 Hz, OCMe), 20.8 (s, Me), 21.4 (d,
3Jpc = 3.5 Hz, 0-Mc), 25.5 (s, Me), 89.2 (d, pc = 56.9 Hz,
Si—C=), 96.0 (d. WUpe = 54.2 Hz, CPhy), 126.0 (d, 'Tpc = 93.2
Hz, i-C at Mes), 126.3 (d, Jp = 2.5 Hz, Ph), 126.5 (d, Jpc = 4.2
Hz, Ph), 127.0 (s, Ph), 127.1 (d, Jpc = 1.6 Hz, Ph), 127.2 (s, Ph),
127.7 (d, Jp = 1.2 Hz, Ph), 130.7 (d, 3Jpc = 12.3 Hz, m-C at
Mes), 132.0 (d, 3Jpc = 11.9 Hz, m-C at Mes), 139.2 (d, 3Jpc = 4.1
Hz, p-C at Mes), 139.8 (s, Ph), 141.4 (d, *Jpc = 3.0 Hz, 0-C at
Mes), 142.3 (d, Jpc = 13.3 Hz, Ph), 146.4 (d, *Jpc = 8.7 Hz, 0-C
at Mes), 174.2 (d, 2Jpc = 4.0 Hz, =C-0). — *'P{'H} NMR
(CDCly): 8 = 72.1(s). — MS (CI, 120 eV); miz (%): 545 (70) [M*],
544 (23) [M™* - H], 501 (15) [M* — H/iPr], 375 (13) [M* —
(iPr);SiC], 332 (100) [M' — (iPr):SiC=C(0O)CH;], 297 (12), 255
(17). — C34H,450,PSi (544.8): caled. C 74.96, H 8.33; found C 75.0,
H 8.2,

2,3-Dihydro-5-(4-methoxyphenyl!)-2,2-diphenyl-4-(triiso-
propylsilyl)-3-(2,4,6-trimethylpheny()-1,3-oxaphoshole (131) and
(1E2a,3a)-2,3-Dihyro-1-{4-methoxy-a-( triisopropylsilyloxy ) -
henzylidene J-3-phenyl-2-(2,4,6-trimethylphenyl)-1 H-henzo{ ¢ [phos-
phole (141): A solution of 6f (686 mg, 1.06 mmol) in tolucnc was
heated at reflux for 15 min. From the residue left after cvaporation
of the solvent, colorless crystals of 14f were obtained by crystalli-
zation from dichloromethane/acetonitrile (2:1) at —30°C. Lobar
column chromatography with ether/pentane (30:1) as the eluent
vielded 131 as the first fraction, followed by a small portion of 14f.
Yield of 13f: 183 mg (27%), m.p. 143°C (from pentane); yield of
141: 359 mg (54%), m.p. 143°C. — Spectral and analytical data of
13f: IR (KBr): ¥ = 3070, 3040, 3010, 2920, 2840, 1590, 1535, 1480,
1445, 1440, 1290, 1240, 1160, 1065, 1025, 1010, 990, 975, 875, 830,
810, 760, 735, 690 cm'. — "H NMR (CDCl;): 8 = 0.60, 0.86 (2 d,
3Jun = 7.2 Hz, 9H, CHCHs3), 0.95 (sept, 3H, *Jgn = 7.2 Hz,
CHCHa), 2.11, 2.36 (2 s, 3H, CH3), 2.87 (d, “Jpy = 4.1 Hz, 3H,
0-CHj3), 3.85 (s, 3H, OCHzy), 6.48 (s, 1H, m-H at Mes), 6.73 (d,
“Jpn = 4.6 Hz, 1H, m-H at Mes), 6.85-6.97 (n, 5H, Ph),
7.17-7.24 (m, 3H, Ph), 7.31 (t, *Jyu = 7.6 Hz, 2H, Ph),
7.51-7.54, 7.95-7.97 (2 m, 2H, Ph). — C{!H} NMR (CDCl,):
8 =13.2(d, 3Jp = 4.6 Hz, SiCH), 18.5, 19.0 (2 5, SiCHMe), 20.9,
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21.4 (2 s, Me), 24.6 (d, 3Jpc = 38.6 Hz, 0-Me), 55.2 (s, OMe), 94.1
(d, Jpe = 32.3 Hz, CPhy), 94.8 (d, Jpc = 46.4 Hz, Si—C=), 113.1
(s, m-C at PhOMe), 125.5 (d, Jpc = 3.6 Hz, Ph), 125.6 (s, Ph),
126.6 (d, Jp = 15.7 Hz, Ph), 127.0, 127.3, 127.8 (3 5, Ph), 128.1
(d, ¥Jpc = 2.4 Hz, i-C at PhOMe), 129.0 (d, *Jpc = 7.3 Hz, m-C
at Mcs), 129.6 (d, Jpc = 45.7 Hz, i-C at Mes), 130.3 (m-C at Mes),
130.5 (s, 0-C at PhOMe), 139.4 (s, p-C at Mes), 142.7 (s, Ph), 145.2
(d, 2Jpe: = 4.1 Hz, 0-C at Mes), 145.7 (d, 2Jpc = 40.0 Hz, o-C at
Mes), 147.4 (d, Jpc = 32.8 Hz, Ph), 160.4 (s, p-C at PhOMe), 166.6
(s, =C—0). — *'"P{'H} NMR (CDCl,): 8 = 22.2 (s). — C4oH490,PSi
(620.9); caled. C 77.38, H 7.95; found C 77.2, H 8.0. — Spectral
and analytical data of 14f: TR (KBr): ¥ = 3045, 3005, 2940, 2920,
2900, 2875, 2845, 2830, 1595, 1575, 1490, 1450, 1285, 1255, 1235,
1215, 1175, 1165, 1110, 1100, 1075, 1060, 1025, 1005, 875, 820,
755, 740, 720, 690 cm!. — 'H NMR (CDCls): 8 = 1.00~1.08 [m,
21H, SiCH(CHa),), 1.84 (d, “Jpu = 3.5 Hz, 3H, 0-CH,), 2.06, 2.11
(2's, 3H, CHs), 3.73 (s, 3H, OMe), 4.96 (d, *Jpy = 21.1 Hz, 1H,
H-3), 6.33 (d, ¥Jp = 4.1 Hz, 1 H, m-H at Mes), 6.52 (s, |H, m-H
at Mes), 6.63 (d, *J,; y = 8.7 Hz, 2H, m-H at PhOMe), 6.79—6.81
(m, 2H, Ph), 6.89—-6.91 (m, 3H, Ph), 7.01 (d, *Jx i = 7.7 Hz, 1H),
7.09 (t, 3Jyn = 7.3 Hz, 1H), 7.14 (d, *Jyynq = 8.7 Hz, 2H, o-H at
PhOMe), 7.26 (t, 3Jyy = 7.3 Hz, 1H), 8.27 (d, *Jgu = 7.7 Hz,
1H). — BC{'H} NMR (CDCl;): 3 = 13.5 (s, SiCH), 17.9, 18.0 (2
s, SICHMe), 20.7 (s, Me), 23.7 (d, *Jpc = 36.2 Hz, 0-Me), 23.7 (s,
Me), 50.9 (d, Wpc = 15.3 Hz, C-3), 55.1 (s, OMe), 112.7 (s, m-C
at PhOMe), 118.7 (d, 'Jpe = 11.7 Hz, C-1), 125.3, 125.9, 126.2,
126.3, 126.7, 127.2 (6 s, aryl), 128.5 (d, 3Jp = 6.2 Hz, m-C at
Mes), 128.8 (s, aryl), 129.8 (s, m-C at Mes), 130.2 (d, Jpc = 40.2,
i-C at Mes), 130.3 (d, *Jp = 5.5 Hz, 0-C at PhOMe), 133.3 (d,
3pc = 3.9 Hz, i-C at PhOMe), 137.7 (s, p-C at Mes), 139.8 (d,
Jpe = 3.7 Hz, aryl), 142.6 (d, 2Jpc = 5.9 Hz, 0-C at Mes), 143.4
(s, aryl), 1444 (d, 2Jpc = 35.4 Hz, 0-C at Mes), 146.9 (d, Jpc =
3.7 Hz, aryl), 154.3 (d, 2Jpe = 42.2 Hz, =C~0), 159.5 (s, p-C at
PhOMe). — 3'P{'H} NMR (CDCl;): 8 = 2.6 (s). — MS: (EL, 35
eV); miz (%). 620 (47) [M7], 619 (64) [M* — H], 576 (8) [M* —
iPr], 358 (6), 331 (28) [M* — =C{0OSi(:Pr);}PhOMe], 330 (100)
[M* — H/=C{OSi(iPr);} PhOMe], 280 (46), 265 (21), 237 (43), 167
(14), 131 (19), 103 (16), 57 (32), 43 (85) [iPr*]. — C4oHyO,PSi
(620.9): caled. C 77.38, H 7.95; found C 77.6, H 8.0.

(1E2a,38)-2,3-Dihydro-1-[4-nitro-a-{ triisopropylsilyloxy )-
benzylidene |-3-phenyl-2-(2,4,6-trimethylphenyl ) -1 H-benzo [ ¢ [phos-
phole 2-Oxide (15g): A solution of 6g (892 mg, 1.34 mmol) in tolu-
ene (30 ml) was heated at reflux for 10 min. After cooling and
removal of the solvent, the residual dark-red viscous oil was dis-
solved in ether and placed in a centrifuge vial under argon. At
—78°C, a suspension of a yellow powder formed to which pentane
(50 ml) was added. After 1 h, this suspension was brought to 20°C
and separated in an ultracentrifuge. The red solution was pipetted
off, and the yellow solid, which was still contaminated with poly-
meric material, was recrystallized twice from ether at —78°C and
washed with cold pentanc (—78°C). After drying (70°C/0.005
mbuar), analytically pure 15g was obtained as a yellow powder;
yield: 220 mg (25%); m.p. 204°C (dec.). — IR (KBr): ¥ = 3080,
3040, 3000, 2920, 2850, 1590, 1555, 1505, 1450, 1330, 1295, 1255,
1215, 1190, 1160, 1130, 1095, 1075, 1055, 1005, 875, 860, 850, 775,
755, 730, 710, 695 ¢cm'. — "H NMR (CDCl;, 249 K): 8 =
0.98—1.07 [m, 21 H, SiCH(CHa),], 1.73, 1.94, 2.26 (3 s, 3H, CHa,),
5.02 (d, *Jpy = 25.0 Hz, 1H, 3-H), 6.24 (br. s, 1H, m-H at Mes),
6.32 (s, 1 H, m-H at Mes), 6.95 (br. s, SH, aryl), 7.26—7.33 (m, 2H,
aryl), 7.40 (t, >Jy 4 = 7.3 Hz, 1H, aryl), 7.60 and 7.86 (AA'BB’
spin system, PhNO,), 8.30 (d, 3/un = 7.9 Hz, 1H, aryl). —
BC{!H} NMR (CDCl;, 249 K): 8§ = 13.1 (s, SiCH), 17.6 (s,
SiCHMe,), 20.6, 23.5 (2 s, Me), 24.2 (d, 3Jp = 3.7 Hz, 0-Me),
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552 (d, pe = 66.3 Hz, C-3), 1183 (d, 'Jpe = 96.6 Hz, C-1),
121.9 (s, m-C at PhNO,), 122.3 (d, Ype = 97.4 Hz, i-C at Mes),
126.1 (s, aryl), 126.5 (d, Jpc = 10.6 Hz, aryl), 127.5 (br. s, aryl),
128.5 (d, Jpc = 11.0 Hz, aryl), 129.3 (d, 3Jpc = 12.0 Hz, m-C at
Mes), 129.7 (s, aryl), 130.4 (d, 3Jpe = 11.6 Hz, m-C at Mes), 135.8
(d. Joc = 3.7 Hy, aryl), 136.8 (d, 2Jpc = 9.1 Hz, aryl), 137.6 (d,
Jpc = 24.2 Hz, aryl), 139.1 (d, 2Jp = 12.6 Hz, 0-C at Mes), 140.7
(d, Jpc = 2.9 Hz, aryl), 143.0 (d, Jpc = 1.9 Hz, aryl), 145.4 (d,
2Jpc = 8.1 Hz, 0-C at Mes), 147.0 (s, p-C at PhNO,), 156.1 (d,
2Jpc =189 Hz, =C—0). — *'P{'H} NMR (CDCl;): 5 = 56.2 (s).
— MS (EL 70 eV); m/z (%) 652 (15) [M '], 611 (21), 610 (74) [M*
— C;Hg], 609 (100) [M™ — iPr], 563 (8), 59 (10). — C3oH,xNO,PSI
(651.9): caled. C 71.86, H 7.11, N 2.15; found C 72.1, H 7.0, N 2.6.

Thermolysis of 1Ta: A stirred solution of 17a (855 mg, 1.57
mmol) in toluene (5 ml) was healed in a Schlenk pressure tube at
150°C for 4 h. After cooling, the volatile compounds werc removed
in vacuo (20°C/0.002 mbar and 80°C/0.002 mbar). Thc green-yel-
low residue consisted of a mixture of 18a, 19al”, und an unknown
compound in the ratio 51:11:38 (ratio determined by integration
of the *'P{'H} NMR signals). (3ES5Z)-2.2,7,7-Tetramethyl-
6-(triisopropylsilyloxy )-5-( trimethylsilvl)-3-( trimethylsilyloxy )-4-
phosphaocta-3,5-diene (18a) was isolated by twofold bulb-to-bulb
distillation at 120°C/0.002 mbar, followed by crystallization from a
small portion of toluene at —78°C over a period of 4 months, and
washing three times with small portions of cold toluenc (—78°C).
Yield: 210 mg (26%) of very air-scnsitivc crystals, m.p. 55°C. — 'H
NMR (CsDg): 6 = 0.37 (d, Jppy = 1.2 Hz, 9H, Si(CH;),), 0.44 [s,
9H, Si(CH;)3], 1.24, 1.260 (2 d, 3Jyyy = 7.5 Hz, 9H, CHCH,),
1.261, 1.32[2 s, 9H, C(CHj)3], 1.66 (scpt, 3H, CHCH;). 3C-NMR
(CeDg): 8 = 0.9 (d, 3Jpc = 5.7 Hz, 5-SiMey), 5.4 (d, *Jpc = 4.9
Hz, OSiMes), 154 (d, *Jpe = 7.3 Hz, SiCH), 19.0 (s, SiCHMe,),
30.0 (d, ¥Jpc = 4.0 Hz, P=CCMes), 30.5 (s, C=CCMes), 41.0 (s,
C=CCMe;), 458 (d, *Jpc = 13.8 Iz, P=CCMe,), 108.3 (d,
WUpc =602 Hz, P-C=), 172.7(d, 2Jpc = 2.9 Hz, P-C=C(), 205.0
(d, Jpe = 58.3 Hz, P=C). — *P{'H} NMR (C;Dg): § = 151.4 (s).
— CysH570,PSi;5 (517.0): caled. C 60.41, H 11.11; found C 60.74, H
10.94. — The unknown component of the thermolysis mixture
could not be isolated in a pure form due to its high scnsitivity
towards air and/or moisture. — Spectral data: *C NMR ([Dgltol-
uene): 8 = 2.1 (s, SiMey), 2.2 (d. Jpc = 4.6 Hz, SiMe,), 14.8 (s,
SiCH), 19.9, 20.0 (2 s, SiCHMe), 29.9 (s, CMes), 30.8 (d, Jpc =
4.1 Hz, CMes), 37.0(d, Jpc = 17.7 Hz, CMe3), 39.8 (d, Jp = 2.4
Hz, CMes), 140.2 (d, Jpc = 27.2 Hz), 162.6 (d, Jpc = 38.5 Hz),
170.4 (d, Jpc = 37.4 Hz). — 3P NMR (C4Dg): & = 63.2 (s).

Thermolysis of 17b: A stirred solution of 17b (482 mg, 0.77
mmol) in toluene (6 ml) was heated in a Schlenk prcssure tube at
150°C for 4 h. The volatile compounds wcre removed at 20°C/
0.005 mbar and 80°C/0.005 mbar. The residual yellow-grcen oil
was a mixture of 18b, 19b, and an unknown compound in the ratio
49:13:38 (determined by *P{'H}-NMR integration). (3£ 5Z)-6-
{( 1-Adamantyl)-2,2-dimethyl-6-{ triisopropylsilyloxy )-5-( trimethy!-
silyl)-3-(trimethylsilyloxy )-4-phosphahexa-3,5-diene (18b) was iso-
lated by twofold bulb-to-bulb distillation at 140°C/0.005 mbar in
nearly analytically pure form. The product was crystallized in a few
days from a small portion of toluenc first at —30°C and then at
—78°C. The toluene was pipetted off, and the colorless crystals
were dried for 2 h at 70°C/0.005 mbar. Yield: 138 mg (30%); m.p.
149°C. — 'H NMR (CDg): & = 0.38 [d, Jpu = 0.8 Hz, 9H,
Si(CHs)s), 0.49 [s, 9H, Si(CH;);), 1.28, 1.29 (2 d. *Jpq = 7.6 Hz,
9H, CHCH,), 1.34 [s, 9H, C(CH,);], 1.61—1.77 (m, 9H, 6H-Ad
and CHACH3), 1.98 (br. s, 3H, Ad), 2.07-2.08 (m, 6H, Ad). —
BC{H}Y NMR (C¢Dq): 8 = 0.9 (d, 3Jpc = 5.9 Hz, 5-SiMej3), 5.9
(d, YJpc = 4.9 Hz, OSiMes), 15.4 (d, 3Jpe = 7.7 Hz, SiCH), 19.1
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(s, SiCHMey), 29.1 (s, C-3, -5, -7-Ad), 30.1 (d, *Jpc = 4.0 Hz,
CMe;), 37.0 (s, C-4, -6, -10-Ad), 40.8 (s, C-2, -8, -9-Ad), 43.5 (s,
C-1-Ad), 45.9 (d, 2/pe = 13.6 Hz, CMe,), 108.1 (d, Jpe = 60.0
Hz, P~C=), 173.1 (d, 2/pc = 3.2 Hz, P—-C=C), 204.5 (d, 'Jpc =
58.1 Hz, P=C). — ¥P{!H} NMR (C¢D): § = 153.0 (s). — MS
(EI 70 eV); m/z (%): 595 (1) [M "], 580 (4) [M™ — CHj], 552 (12)
[M* — iPr], 363 (100). 348 (7), 306 (16), 294 (9), 263 (8), 159 (18),
147 (7), 135 (8), 115 (7), 87 (8), 73 (47) [SiMe{], 59 (13), 57 (8)
[fBu®]. — C3,Hg;0,PS1; (595.1): caled. C 64.59, H 10.67; found C
64.4, H 10.6. — Compound 19b was identified in the crude product
mixture by its 3P- and "*C-NMR signals which show closc simi-
larity to those of 19al’. The third, unknown constituent of thc
product mixture could not be obtained in pure form due to its high
sensitivity towards air and/or moisture. It showed the following
spectral data: °C NMR (Cg¢Dyg): & = 2.0 (s, SiMe3), 2.4 (d, Jpe =
5.1 Hz, SiMe,), 14.8 (s, SiCH), 19.8, 19.9 (2 s, SiCHMe), 28.9 (s,
C-3, -5, -7-Ad), 30.7 (d, Jpc = 4.1 Hz, CMe3), 36.8 (d, Jpc = 18.1
Hz, CMes), 37.1 (s, C-4, -6, -10-Ad), 40.6 (s, C-2, -8, -9-Ad), 42.2
(d, Jpc = 1.6 Hz, C-1-Ad), 140.5 (d, Jpc = 27.4 Hz), 162.5 (d,
Joe = 37.7 Hz), 1700 (d, Jue = 37.3 Hz). — 3'P{'H} NMR
(CeDg): & = 63.7 (5).

4-tert-Butyl-5-(2,2-dimethyl-1-propanoyl)-3-(triisopropylsilyl-
oxy)-4H-1,2,4-diazaphosphole (23): A suspension of 21 (918 mg,
1.81 mmol) in toluene (15 ml) was heated to 170°C in a Schlenk
pressure tube, whereby a homogeneous solution was formed. After
8 h, the solution was allowed (o cool and (he solvent was removed.,
Rapid bulb-to-bulb distillation of the residue at 150°C/0.002 mbar
furnished 23 as a pale-green oil which solidified on storing at 0°C,
Yield: 548 mg (76%); m.p. 42—50°C, — IR (oil): ¥ = 2920, 2845,
1645 (C=0), 1450, 1380, 1355, 1245, 1205, 1145, 1070, 1010, 895,
875 cm'. — '"H NMR (CDCly): 8 = 1.10 [d, 3Jy s = 7.5 Hz, 18H,
CH(CHs)). 1.25 [d, 3Jpy = 14.2 Hz, 9H, PC(CH;);), 1.33 [s, 9H,
CC(CH,),}, 1.61 (sept, *Jyy = 7.5 Hez, 3H, CHCH3). — BC{!H}
NMR (CDCl,): § = 11.8 (s, SiCH), 17.8, 17.9 (2 s, SiCHMe), 27.1
(s, CCMe), 28.7(d, *pc = 12.0 Hz, PCMes), 37.1 (d, WJpc = 204
Hz, PCMe;), 43.8 (s, CCMe3), 160.6 (d, Wpe = 30.5 Hz, C-3),
192.5 (d, pe = 19.3 Hz, C-5), 202.1 (d. ZJpc = 133 Hz, C=0).
— 3IP{IH} NMR (CDCly): & = —8.4 (s). — CyHzoN,O,PSi
(398.6): calcd. C 60.27, H 9.86, N 7.03; found C 60.1, H9.9, N 5.7.

X-Ray Crystal Structure Determination of 13¢PN. — Crystal
Data: C4H490PSi - 0.25 CH,Cly; M = 674.12 g/mol; (riclinic space
group P1, a = 10.353(8), b = 19.040(1), ¢ = 20.269(9) A, o =
87.49(4), B = 78.16(4), v = 87.79(4)°; ¥V = 3905(3) A% 7 = 4
denica. = 1.147 Mg/m?; p(Mo-K,) = 0.167 mm™'". — Data Collec-
tion: T = 293 K, crystal size 0.4 X 0.2 X 0.7 mm, diffractlometer
Enraf-Nonius CAD4; radiation Mo-K; ® range 2.01—-21.01°, w/
20 scans; 8684 reflections measured (one hemisphere), 8375 unique
reflections. — Structure Solution and Refinement: Structure solution
by dircct methods (program SHELXS-86), full-matrix least-squares
refinement on F* (program SHELXL-93) with all unigue data and
873 variables. Hydrogen atoms are in calculated positions and were
treated as riding atoms. R = 0.1316 for all reflections [0.0749 for
5227 observed reflections, I > 2o(l)], R, = 0.2238 (0.1697), re-
sidual electron density between 1.06 and —0.20 eA =3, The dichlo-
romethane molecules in the crystal are disordered. Pairs of CH,Cl,
molecules (site occupation factor = 0.5) appcar as a C,Cl, four-
membercd ring in the electron density map, because their respective
C1 positions nearly coincide under the action of a crystallographic
inversion center; as a consequence, the calculated bond geometry
was not considered to be reasonable and the ellipsoid of thermal
vibration for chlorine was refined with considerable anisotropy. It
was nol possible (o reline split positions for the individual CI
atoms.

787



FULL PAPER

B. Manz, U. Bergstrifler, J. Kerth, G. Maas

X-Ray Crystal Structure Determination of 18alPl. — Crystal
Data: C,6Hs;,0,PSiy; M = 516.96 g/mol; monoclinic space group
P2i/n, a = 10.199(1), b = 21.367(2), ¢ = 16.066(2) A, o = 90, B=
106.54(1), 7 = 90° V = 3356.3(6) A% Z = 4; dopyeq = 1.023 Mg/
m3;, wW(Mo-K,) = 0.207 mm~'. — Data Collection: T = 203 K,
crystal sizc 0.5 X 0.4 X 0.25 mm, diffractometer Siemens P4; radi-
ation Mo-K,,; ® range 1.63—25.00°; 7372 reflections measured (one
quadrant of reciprocal space) 5893 unique reflections. — Srructure
Solution and Refinement: Structure solution by direct methods
(program SHELXS-86), full-matrix least-squares refinement on F*
(program SHELXI-93) with all unique data and 301 variables. Hy-
drogen atoms are in calculated positions and were treated as riding
atoms. R = 0.0865 for all reflections [0.0497 for 4060 obscrved
reflections, I > 2a(D)], R, = 0.1281 (0.1055), residual electron den-
sity between 0.26 and —0.23 ¢ A3,
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birthday.
lal B Niecke, W. W. Schoeller, D.-A. Wildbredt, Angew. Chem.
1981, 93, 119—120; Angew. Chem. Int. Ed. Engl. 1981, 20, 131.
— [P B Niecke, M. Lcuer, D. A. Wildbredt, W. W. Schoeller,
J. Chem. Soc., Chem. Commun. 1983, 1171—1172. — IR Ap-
pel, C. Casser, Chem. Ber 1985, 118, 3419—3423, — 14l R, Ap-
pel, T. Gaitzsch, F. Knoch, G. Lenz, Chem. Ber. 1986, 119,
1977—1985. — ¥l G, Markl, W. Holzl, 1. Trotsch-Schaller,
Tetrahedron Lett. 1987, 28, 2693—2696. — I W. Schnurr, M.
Regitz, Z. Naturforsch. B 1988, 43, 1285—1292.
21 B. A. Arbuzov, E. N. Dianova, Phosphorus Sulfir 1986, 26,
203-251.
Bal G, Markl, 1. Trdtsch, Angew. Chem. 1984, 96, 899—901; 4n-
gew. Chem. Int. Ed. Engl 1984, 23, 901. — PP Y. Y. C. Yeung
Lam Ko, R. Carrié, J Chem. Soc., Chem. Commun. 1984,
1640—1641. — B< P. Pcllon, J. Hamelin, Tetrahedron Lett. 1986,
27, 56115614, — B9 T. Allspach, M. Regitz, G. Becker, W.
Becker, Synthesis 1986, 31—36. — <1 A Baceiredo, M. Nicger,
E. Niecke, G. Bertrand, Bull Soc. Chim. Fr. 1993, 130,
757-1760.
4 F. Zurmiihlen, W. Rosch, M. Regitz, Z. Naturforsch. B 1985,
40, 1077-1086.
P. Becker, H. Brombach, G. David, M. Leuer, H. J. Metternich,
E. Niecke, Chem. Ber. 1992, 125, 771—782.
6] B. Manz, G. Maas, J Chem. Soc, Chem. Commun. 1995,
25-26.
1 B. Manz, G. Maas, Tetrahedron 1996, 52, 10053—10072.

n

[3

=

788

18] 4] M. Yoshifuji, K. Toyota, H. Yoshimura, K. Hirotsu, A. Oka-
moto, J Chem. Soc, Chem. Commun. 1991, 124—125. —
Y1 M. Yoshifuji, M. Shibata, K. Toyota, I. Miyahara, K. Hir-
otsu, Heteroatom Chem. 1994, 5, 195-200.

P2 L. N. Markovskii, V. D. Romanenko, T. V. Pidvarko, Zh.

Obshch. Khim. 1983, 53, 1672—1673. — PP R, Appel, F. Knoch,

H. Kunze, Chem. Ber 1984, 117, 3151-3159. — P9 R, Appel,

U. Kiindgen, F. Knoch, Chem. Ber. 1985, 118, 1352—1370. —

4 O, Wagner, Dissertation, University of Kaiserslautern, 1989.

— el A, Marinetti, S. Bauer, L. Ricard, F. Mathey, J Chem.

Soc., Dalton Trans. 1991, 597—602. — "1 J-C. Guillemin, J.-L.

Cabioch, X. Morise, J.-M. Decnis, S. Lacombe, D. Gonbeau, G.

Pfister-Guillouzo, P. Guenot, P. Savignac, Inorg. Chem. 1993,

32, 5021-5028. — P8l R, Appel, in Multiple Bonds and Low

Coordination in Phosphorus Chemistry (Eds.: M. Regitz, O. L

Scherer), Thieme, Stuttgart, 1990, pp. 157ff. — PH L, Lasalle,

S. Legoupy, J-C. Guillemin, Organometallics 1996, 15,

3466—3469.

For the parent methylenephosphirane, a strain energy of 30.38

kcal mol™! was calculated (HF/6-31G*+ZPE): S. M. Bachrach,

J. Phys. Chem. 1993, 97, 4996~ 5000.

[11] 114} S Berger, S. Braun, H.-O. Kalinowski, NM R-Spektroskopie
von Nichtmetallen, vol. 3, Thicmc, Stuttgart 1993, p. 119ff. —
{11hl W, G. Bentrude, W. N. Setzer, Phosphorus-31 NMR Spec-
troscopy in Stereochemical Analysis (Eds.: J. G. Verkade, L. D.
Quin), VCH, Weinheim, 1987.

121 Compare the values given for a 7-phosphabicyclo[4.2.0]octa-
2,4,8-trienc: H. Jun, R. J. Angelici, Organometallics 1993, 12,
4265—4266.

U3l f3al B J Walker, Organophosphorus Chemistry, Penguin Books,
Harmondsworth, England, 1972, p. 69~71. — U3 1. G. Ca-
dogan, Quarterly Rev. 1962, 16, 208—239.

141 14a §° M, Bachrach, M. Liu, J Am. Chem. Soc. 1991, 113,
79297937, — U4h1 S M. Bachrach, M. Liu, J Org Chem. 1992,
57,209-215.

151§ M. Bachrach, J Comput. Chem. 1989, 10, 392—406.

161 G, Becker, Z. Anorg Allg. Chem. 1977, 430, 66—76.

171 A, H. Cowley, S. W. Hall, R. A. Jones, C. M. Nunn, J Chem.
Soc., Chem. Commun. 1988, 867—868.

181 U, Rasch, Dissertation, University of Kaiserslautern, 1986.

91 G. Becker, W. Uhl, H.-J. Wessely, Z. Anorg. Allg. Chem. 1981,
479, 41—56.

1201 R. Briickmann, G. Maas, Chem. Ber. 1987, 120, 635—641.

211 Further details of the crystal structure determinations are avail-
able on request from the Fachinformationszentrum Karlsruhe,
Gesellschaft fiir wissenschaftlich-technische Information mbH,
D-76344 Eggenstcin-Leopoldshafen, on quoting the depository
numbers CSD-405690 (13¢) and -405698 (18a), the authors, and
the journal citation.

19}

[10

[96284]

Chem. Ber./Recueil 1997, 130, 779788



