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Synthesis, Photochemical Behaviour and cis/trans Isomerisation of 1-(2,4,6-
Triisopropylphenyl)-2-(2.,4,6-tri-tert-butylphenyl)diphosphene

Corine M. D. Komen, Frans J. J. de Kanter, Simon J. Goede and Friedrich Bickelhaupt*
Scheikundig Laboratorium, Vrije Universiteit, De Boelelaan 1083, 1081 HV Amsterdam, The Netherlands

{rradiation of (£)-1-(2,4,6-triisopropylphenyl)-2-(2,4,6-tri-tert-butylphenyl)diphosphene (1a) yields
its thermally unstable c/s-isomer 1b, the diastereoisomeric cyclisation products 4a and 4b and the
cleavage product 5. A mechanism for the formation of these products is proposed. The activation
parameters for the thermal isomerisation reaction 1b —— 1a are experimentally determined as AH? =
295 *+ 1.4 kcal mol™ and AS*=38 * 6 cal mol™* K (1 kcal =4.18 kJ); AH? is the first
experimentally determined measure for the strength of the m-component of a phosphorus-

phosphorus double bond.

An interesting feature of (hetero)alkenes is cis/trans isomeris-
ation. It has been studied for many representatives containing
C=C.! N=N,2 P=C,3 Si=Si* and N=C* double bonds; in this
paper, we wish to address the case of the P=P bond of di-
phosphenes.® In diphosphenes, as in other heteroalkenes involv-
ing one or two group 15 elements, the cis/trans isomerisation
can in principle occur by two mechanisms: inversion via a
planar transition state [eqn. (1)] or rotation involving a per-
pendicular orientation of R-X towards the X-YR'R” plane
[eqn. (2)].
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(R’ = substituent or lone pair of electrons)

It is likely that the cis/trans isomerisation of a diphosphene
occurs via a rotation mechanism rather than an inversion
mechanism in line with the general observation that for tertiary
phosphines, contrary to amines, inversion is a difficult process;
this will, a forteriori, be true for two-coordinate phosphorus.
Indeed, the computed energy barriers for HP=PH are 34 kcal
mol ! (1 kcal = 4.18 kJ) for rotation and 66 kcal mol! for
inversion.” If the cis/trans isomerisation proceeds by a rotation

mechanism, the p-orbitals of the two phosphorus atoms will be
orthogonal in the transition state, and, as a consequence, their
overlap will be zero [eqn. (2)]. This implies that the height of the
activation barrier (AH*) is approximately equivalent to the n-
bond strength of the phosphorus-phosphorus double bond.?-°
Recently, Warren et al.'® calculated a n-increment for a
phosphorus—phosphorus double bond of 29 kcal mol!.

Previous irradiation studies on E-diphosphenes (sterically
hindered diphosphenes are normally stable in the E-form) have
shown that dimerisation,’!-12 cleavage!® and cis/trans iso-
merisation '* '* may occur depending on the substituents and
irradiation conditions (Scheme 1).

Only two kinetic studies of cis — trans isomerisation
of diphosphenes have been published. Caminade er al.!®
performed an experimental study by laser irradiation of
Mes*-P=P-Mes* (2) (Mes* = supermesityl: 2,4,6-tri-tert-but-
ylphenyl) and found that the free activation energy (AG?) for
the cis — trans conversion is 20.3 kcal mol ! at 273 K. Niecke
et al isolated the first stable cis-diphosphenes.!® For
the diphosphene (Me;Si),N(Me;Si)N-P=P-Mes* (6). they
measured the free energy for the cis —— trans conversion
(AG* = 25.5 kcal mol™') as well as for the trans— cis
conversion (AG*? = 25.4 kcal mol-!') at 293 K.!7 These isolated
cis-diphosphenes are stable in the solid state under an inert
atmosphere, but in solution at room temperature, they form,
most likely via their (head-to-head) dimers, the symmetrical
substituted diphosphenes of which the less bulky unstable ones
form cyclotetraphosphanes ([R-P],), depending on the sub-
stituents R (Scheme 1).1%'7 It should be pointed out that
dimerisation of trans-diphosphenes without irradiation does
not occur, and secondly, that of the two processes, ie.,
dimerisation or trans —— cis isomerisation, only one has been
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observed for any particular diphosphene system. These data,
suggest that the head-to-head dimerisation is not a direct result
of irradiation (see Scheme 1) but occurs via dimerisation of the
initially formed, unstable (and undetectable) cis-isomers.

We have chosen Is-P=P-Mes* (la; Is = isityl: 2.4,6-tri-
isopropylphenyl) to investigate the photochemical behaviour of
diphosphenes in continuation of our earlier work on less
hindered and unsymmetrical diphosphenes.'®

Results and Discussion

Synthesis.—After the synthesis of very bulky and symmetrical
diphosphenes had been reported,'®!%2° we investigated the
synthesis of less hindered and unsymmetrically substituted
diphosphenes.'® The first unsymmetrical diphosphene 1a was
observed on reductive cross-coupling of the corresponding
dihalophosphines with magnesium; besides la, the already
known symmetrical diphosphene 2 and some cyclooligo-
phosphines ([IsP],) were formed (Scheme 2).
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X = Brand/or Cl

Is = 2.4,6-triisopropylphenyl
Mes* = 2.4,6-tri-teri-butylphenyl

Scheme 2

Because of these side products, this approach is not attractive
as a preparative route to unsymmetrical diphosphenes. A better
synthesis of unsymmetrical diphosphenes has been reported by
Yoshifuji er al.2* {Scheme 3). This method did not work in the

2 base

Mes"PH; + ArPX, Mes*—P=P—Ar + 2 base-HX

( X = halogen; base = DBU or NEt;)
Scheme 3

case of 1a; Mes*PH, was left unchanged while IsPX, (X = Cl
and/or Br, because IsPX, had been prepared from IsMgBr and
PCl;) disappeared, probably because it reacts rapidly with
DBU to form a salt-like adduct.?? However, by a slight
variation, we prepared 1a by coupling of Mes*PHLi with 1sPX,
followed by HX elimination with DBU [eqn. (3)]. Although this
method gives la as the main product, diphosphane 3 was
formed, too, presumably via the side reactions depicted in eqns.
(4) and (5). The diphosphane 3 had already been obtained as a
side product in the synthesis of Mes*-P=P-Mes* from
Mes*PCl, and magnesium;®'® Cowley et a/.'® reported the
formation of 3 from Mes*PHLi aund several chlorinated
compounds, e.g., CCl,, Mes*PCl,, Bu'PCl, and PCl,.

Irradiation of 1a.—After irradiation (4 = 300 nm, T = 193
K, Pyrex NMR-tube) of a solution of 1a in THF, the thermally
unstable cis-isomer 1b, the rearrangement products 4a and 4b,
and the cleavage product 5 were observed by *'P NMR
spectroscopy (Scheme 4). Dimerisation products or symmetrical
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diphosphenes were not observed, in line with the results of the
previous irradiation studies (see the introduction).'!"*?
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Irradiation of 1a over a short period (approximately | h) lead
almost exclusively to the formation of the cis-isomer 1b (20%;);
at that stage, the irradiation products 4a and 4b were detectable
in minor amounts (19;) only. Aftera longer period of irradiation
(approximately 1 day), almost 50% of 1 had rearranged to 4a
and 4b. This time, the cleavage product § was also detected by
31P NMR spectroscopy. Complete conversion of la took
approximately one week. At this stage, high field signals (J, =
— 113 and —118) of some unidentified products X appeared.
These are probably decomposition products of 4a and 4b; X is
not identical with (IsP); (0, = —99.3; —133).!% When all of the
diphosphene had disappeared, the ratio of the irradiation
products was approximately 4:5:X = 75:10:15.

Identification of the Irradiation Products.—The irradiation
products were characterised by NMR techniques. The cis-
isomer 1b was identified, besides by its quantitative thermal
reconversion into its trans-isomer la, by its typical low-field *'P
NMR signals, two doublets (Jp 429.2, 391.5) with a large
coupling constant of 'J(PP) = 584 Hz. It appears to be a
general trend that the 3'P nuclei of the cis-isomer are more
shielded than those of the trans-isomer; this is illustrated in
Table 1 for 1,2,'3 6'” and Mes*~-P=P-NHMes* (7).23

The assignment of the chemical shifts to the two different
phosphorus nuclei is only tentative at the moment. In la, the
assignment of the signal at § 473.4 to P(2)-Mes* occurs with
a high degree of confidence. A range of § = 456492 for
this type of phosphorus follows from the results of Smit 824
and Yoshifuji,?' while the less heavily substituted second
phosphorus nuclei [P(1)] in these diphosphenes are less
shielded and fall in the range & = 512-540. Furthermore,
Yoshifuji e al. succeeded in identifying the mesityl-substituted
phosphorus [P(1)] in Mes—P=P-Mes* (Mes = mesityl: 2,4,6-
trimethylphenyl) at § = 540 by the *J(PH) coupling of the
ortho-methyl protons. Applying this relation from the trans-
diphosphenes to 1b, we assign the doublet centred at 429.2 ppm
to P(1)-Is and the one at 391.5 ppm to (the more shielded) P(2)-
Mes*.

When we compare the chemical shifts of all bisaryl sub-
stituted trans-diphosphenes, we find certain trends®* in the
chemical shifts of P(1) and P(2).

(1) As the substituent at P(1) becomes less bulky, P(1)
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Tablel *'P NMR parameters for some diphosphenes
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P=P S Brrams AG® 'J(PP),/Hz  'J(PP),./Hz Ref.

1 429.2 535.1 106 584 574 This
391.5 473.4 82 work

2 368 492 124 — - 6,15

6 358 481 123 516 554 17,23
190 311 121

7 387 450 63 522 532 23
206 316 110

“AS = 6[P(n)]llanx - é[P(n)]rix

becomes increasingly less shielded and P(2) more shielded,
relative to the reference value of 2 (Jp = 492).

(2) The difference Jp[P(1)] — dp[P(2)] increases with in-
creasing difference in size between the ortho substituents of the
aryl groups on P(1) and P(2).

(3) The mean value of dp[P(1)] and dp[P(2)] falls into the
rather narrow range of 491 and 509 ppm.

While for trans-diphosphenes these trends are consistent, this
is only true in part for the cis-diphosphene 1b: while P(1) is less
shielded than P(2), P(2) of 1b is /ess shielded (Jp = 391.5) than
its counterpart in ¢is-2 (Jp = 368).

The situation concerning trend (2) is less straightforward.
While the difference dp[P(1)] — Jp[P(2)] is almost equal for
trans- and cis-6 (170 and 168 ppm, respectively) there is a
considerable difference for la and 1b (62 and 38 ppm,
respectively) and also for trans- and cis-7 (134 and 181,
respectively), even though they have the same substituents. The
chemical shift differences of the two phosphorus nucleiin 1a and
1b (A9 = 106 and 82; Table 1) are of the same order as for 7 23
[Ad = 110 (PN) and 63 (PC)], but are somewhat smaller
compared with those of the other known cis/trans diphosphene
systems [Ad = 124 for 2'3 and A = 123(PN) and 121 (PC) for
6] 17

Finally there appears to be no clear correlation between
the configuration, the 'J(PP) and the hybridisation of di-
phosphenes. The 'J(PP) coupling constant of the cis-isomer 1a
(584 Hz) is very large and similar to that of the trans-isomer 1b
(574 Hz; Table 1). This might be rationalised as a result of steric
repulsion between the bulky cis-substituents which opens the
P-P-C angle and, as a consequence, imports more s-character
to the P-P ¢ bond for the cis-isomer. However, the experi-
mental support for this hypothesis is not straightforward. On
the one hand, the trend of 'J(PP) cis > 'J(PP) trans holds for
1, for metal complexes of bisaryl-substituted diphosphenes !4
and of bispentamethylcyclopentadienyl-substituted diphos-
phenes; 2% the expected concomitant geometrical changes are
indeed observed in c¢is- and trans-6.'” On the other hand, the
coupling constants of the nitrogen-substituted diphosphenes 6
and 7 are 'J(PP) cis < 'J(PP) trans;(Table 1),'’-23 demonstrat-
ing the shaky basis for the abovementioned rule. Further
research on this topic is clearly-required.

The rearrangement products 4a and 4b have chemical shifts in
the high-field region: two pairs of double doublets in the proton-
decoupled spectrum [4a, —18.9, —90.7 ppm, ! J(PP) = 188 Hz;
4b, —14.0, —78.8 ppm, 'J(PP) = 209 Hz]. The high-field
chemical shifts and the magnitude of the 'J(PP) coupling
constants indicate that a tertiary and a secondary phosphine
phosphorus are separated by a single bond, implying that only
the pr—pn bond in the original phosphorus-phosphorus double
bond has been broken. The multiplicity and magnitudes of the
observed proton couplings give further structural information
{4a, 'JIP(1)H] = 212, 2J[P(2)H] = 15: 4b 'J[P(1)H] = 199,
2J[P(2)H] = 7}. With this information. we propose structure 4
for the rearrangement products as indicated in Scheme 4.
Because of the two chiral phosphorus atoms, 4 can, and does,
occur as a pair of diastereoisomers 4a and 4b.

An additional product with a signal in the high-field region
[—78.8 ppm; d, 'J(PH) = 176] was identified as the cleavage
product §, which is identical with a product obtained previously
by different routes, e.g., by irradiation of 2.'3

Mechanism.—The formation of the photoreaction productsis
tentatively rationalised as shown in Scheme 5. First, the
phosphorus—phosphorus bond is excited to form the inter-
mediate diradical 9. This intermediate can react by four different
routes.

P=R
\Is
1a
(1)1| Py Me Me
*_p. 3 .. 4 H
Mesa P W2 Mes*—P~P—Is B, (J. -
9 P-P-Mes
| [
Mes?, Is 10
5 P=P
1b |
i Me Me
Pr. )
480 —— (:P-Mes'
g
Pi H
11

Scheme §

Routes (1) and (2) involve the formation of the phosphorus-
phosphorus double bond which leads from 9 to the cis-isomer
1b or back to the trans-isomer 1a. As has already been discussed
in the introduction, it is most likely that cis/trans isomerisation
of diphosphenes is a rotation process. ‘Metathesis’ via a
bimolecular process is excluded, because, in that case, the
symmetrical diphosphene Mes*—P=P-Mes* (2) is expected as
one of the products; ! 2 this is not observed. The mechanism of
the photochemical cis/trans isomerisation by rotation is
probably analogous to that of alkenes, which has been
thoroughly studied. The singlet state is excited to the diradical
state. After this (m—n*) excitation, the (phosphorus—phos-
phorus) double bond is twisted to the more stable perpendicular
structure [see eqn. (2)]. The interconversion of 1a and 1b is
photoreversible and may establish a photodynamic equilibrium.
In addition. the conversion 1b—1la occurs thermally; this
irreversible process will be discussed in the section cis/trans
Isomerisation. The main irreversible reaction of 9 [route (4)] is
the abstraction of a benzylic hydrogen from an ortho-isopropyl
group via a five-membered ring transition state 10 to give 11.
This diradical recombines to form the diastereomeric mixture of
4a and 4b (which are involved in a photodynamic equilibrium;
see the subsection Isomerisation of the Rearrangement Products
4). Route (3) involves the cleavage of the phosphorus—
phosphorus single bond, by which the phosphinidene 8 is
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Table 2 Kinetic data of the cis—trans isomerisation of 1

T/K kis! AG¥/kcal mol !
258 1.27-10 ¢ 19.63
253 3.57-10°% 19.88
246 7.32-10°° 20.09

formed; the latter gives 5 on C-H insertion into an ortho-tert-
butyl group. Several examples of this type of ring closure are
known for supermesitylphosphorus !3-2¢2% and supermesityl-
arsenic 2*3° compounds. For isityl compounds, analogous ring
closure has so far not been reported. We attempted the thermal
ring closure with IsPX, in analogy to that described for
Mes*PCl,,%® but IsPX, was stable under these conditions.
Obviously, extreme steric hindrance as caused by the super-
mesityl group is required for this unusual type of reactivity to
occur. At present, the fate of IsP, the formally expected
counterpart of 8, is not known.

Very recently, a conversion analogous to that of 1a—4 was
observed by Driess er al.:3' however, in this case the trans-
formation of the phosphasilene 12 into its isomer 13 is a thermal
process (Scheme 6). In contrast, heating a solution of Is—P=P-
Mes* did not give 4 but resulted in decomposition to
unidentified products.
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pels H
1 12

Scheme 6

Isomerisation of the Rearrangement Products 4 —The iso-
meric rearrangement products 4a and 4b are involved in a
photodynamic and thermal equilibrium. Shortly after irradia-
tion of la at low temperature, one observes by *'P NMR
spectroscopy both isomers with 4a in excess; the ratio may be as
high as 4a:4b = 2:1, depending on the length of irradiation.
When the irradiation is interrupted, the equilibrium shifts
slowly towards isomer 4b; this isomerisation process (4a—4b)
can be accelerated by raising the temperature from 193 K to
room temperature, but stops when the ratio 4a:4b is
approximately 1:2, even at higher temperatures. Subsequent
irradiation of the equilibrium mixture leads to partial con-
version of 4b into 4a; this sequence can be repeated.

cis/trans Isomerisation.—Irradiation (4 = 300 nm, T = 193
K, 1 h) of the trans-isomer (1a) induces the formation of
approximately 20% of the thermally unstable cis-isomer (1b).
The thermal back reaction (Ib—la) was followed by *'P
NMR spectroscopy at different temperatures (Fig. 1 and
Table 2); the rearrangement was first order in 1b which excludes
dimer formation (Scheme I) as the mechanism.

From these data, the activation parameters AH? = 29.5 +
1.4 kcal mol™! and AS* = 38 + 6 cal mol! K™! were obtained.
The large entropy of activation may be explained by steric
factors: the overcrowding in the cis-isomer is reduced on
rotation about the double bond, releasing frozen degrees of
motion; transition state 9 (and the rrans-isomer 1a) has less
steric hindrance and consequently more degrees of freedom. Of
great interest is the enthalpy of activation which is in fact the
first experimentally obtained rotational barrier for a phos-
phorus—-phosphorus double bond. The computed rotational
barrier for a phosphorus—phosphorus double bond is 34.0 kcal
mol™'.7 Recently,!® a n-increment for a phosphorus—phos-
phorus double bond of 29 kcal mol™! has been presented (the
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Fig. 1 Plots of In ([1b]/[1b]y) versus time at three different
temperatures: O, 258 K; ¢, 253 K; A, 246 K.

estimated energy of an average phosphorus—phosphorus double
bond, 84 kcal mol! minus the estimated energy for the
phosphorus—phosphorus single bond, 55 kcal mol '). These
theoretically calculated values for the rotational barrier are in
good agreement with the activation enthalpy for the cis —
trans isomerisation of 1, AH* =29.5 + 1.4 kcal mol !. It
should be pointed out, however, that the temperature range
for measuring the isomerisation 1b—la is relatively small
(12 K).

The result of Caminade er al.,'> AG* = 20.3 kcal mol™!
(at 273 K) for the cis—— trans isomerisation of 2 is in
surprisingly good agreement with our AG* values (20 kcal
mol). If one assumes the same entropy factor because the steric
situation is expected to be similar, the enthalpy of activation for
the cis—trans isomerisation of 2 will be 30.7 kcal mol~!. Niecke
et al.'” reported a free energy AG* = 25.5kcal mol ! (at 293 K)
for the cis—trans isomerisation of 6. A direct comparison
between the kinetic data of the cis—trans isomerisation of 1 and
6 is problematic without dissection for the latter into AH* and
AS*. Assuming a similar entropy factor (which is risky because
the diphosphene systems differ considerably), the enthalpy of
activation for 6 is found to be larger (about 37 kcal mol™!).
Apparently, this effect is due to the nitrogen atom directly
attached to the pn—pn phosphorus—phosphorus bond.

Conclusions

Irradiation of diphosphenes, depending upon the substituents
and irradiation conditions, gives not only dimerisation,
cleavage and cis/trans isomerisation, but also rearrangement
reactions via the excited biradical.

The activation parameters for the thermal cis/trans iso-
merisation reaction of 1 were experimentally determined as
AH? =295 + 1.4 kcal mol™! and AS? = 38 + 6 cal mol’!
K.

Experimental

General —The irradiation experiments and the crystallisation
of 1a were carried out in sealed, evacuated systems.>? The
synthesis of 1a was performed under a nitrogen atmosphere. All
solvents were dried before use: THF was distilled from sodium—
benzophenone, pentane was distilled from lithium aluminium
hydride and toluene was distilled from sodium. NMR spectra
were recorded on a Bruker WM250, a Bruker AC200 or a
Bruker MSL400 spectrometer. J values are given in Hz. 'H
NMR spectra were recorded with tetramethylsilane as an
external standard, 3'P NMR spectra with 85% H;PO, as an
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external standard. The temperature in the NMR probe was
determined by measuring the 'H chemical shift difference of
methanol which is related to the temperature.* The error limits
for the activation parameters of the conversion 1b—1a include
both the error in measurement of temperature (+ 1 K) and the
standard deviation of the rate constant k. Irradiation experi-
ments were performed with a rayonet (Srinivasan-Griffin,
photochemical reactor), equipped with 16 lamps (4 = 300 nm),
in a Pyrex NMR tube in THF at 193 K. Low temperature was
maintained by the use of a quartz Dewar vessel equipped with a
liquid nitrogen blow-off system and temperature controller.

Preparation of 1a.—(E)-1-(2,4,6-Triisopropylphenyl)-2-(2,4,-
6-tri-tert-butylphenyl)diphosphene (1a) was synthesised from
2.4.6-tri-tert-butylphenylphosphine (Mes*PH,)!® and dihalo-
(2.4,6-triisopropylphenyl)phospine (IsPX,).>* To a solution of
Mes*PH, (1.7 g. 6.1 mmol) in THF (100 cm?), a solution of n-
butyllithium (4.5 cm® 1.5 mol dm *, 6.8 mmol) was added at
—60 °C. After being stirred for 30 min at — 60 °C, the reaction
mixture was stirred at room temperature for 2 h [*'P NMR
spectroscopy of the crude reaction mixture: —107.4 ppm,
1J(PH) = 174 Hz, Mes*PHLi]. The reaction mixture was
slowly added to a cooled ( — 60 °C) solution of IsPX, (1.9 g, 6.2
mmol) in THF (50 cm?). Afterwards the reaction mixture was
stirred for 1.5 h at room temperature. To this crude reaction
mixture, freshly distilled DBU (0.9 cm?, 6.1 mmol) was added at
0 °C: the resulting reaction mixture was stirred overnight and
then warmed to room temperature. The solvent of the
supernatant was evaporated off under vacuum. The residue was
extracted twice with pentane. The pentane extracts were partly
evaporated and placed in a closed glass vessel for crystallisation.
First the side product 3 crystallised; pure diphosphene 1 was
obtained after several recrystallisations.

Identification. 1a: 6p(250 MHz; [?Hg]THF; 258 K) 535.1 [1 P,
d, J(PP) 574, P-Is] and 473.4 [1 P, d, J(PP) 574, P-Mes*];
0n(200MHz; [*Hg]JTHF) 1.10[12H,d, J 6.7, 0rtho-CH(CH,), ],
1.16 [6 H. d, J 7.0, para-CH(CH,),], 1.26 [9 H, s, para-
C(CH;);].1.41[18H,s, ortho-C(CH3);].2.79[1 H, septet, J 7.0,
para-CH(CHj,),]. 3.19 [2 H, br septet, J 6,7, ortho-CH(CH3),],
6.98 (2 H. s, Is) and 740 (2 H, s, Mes*); (200 MHz;
[2Hg]THF)24.28 [2C, s, para-CH(CHj),],24.32 [4C, s, ortho-
CH(CH3),], 31.60 [3 C, s, para-C(CH};),], 34.3[2C. d, *J(CP)
7.4, 0rtho-CH(CH,),],34.4[6 C.d, *J(CP) 6.1, ortho-C(CH;);],
35.19 [1 C, s, para-CH(CH,),], 35.40 [1 C, s, para-C(CH3);],
39.08 [2 C, s, ortho-C(CH,5),], 122.27 [2 C, s, C(3), C(5). Is],
123.00 [2 C, s, C(3), C(5), Mes*], 137.12 and 139.40 [1 C, dd,
'J(CP)51.8, 2J(CP) 13.6 and 1 C, dd, ' J(CP) 67.4, 2J(CP) 10.6,
C(1); C(1)]. 150.31 and 150.76 [1 C, d, *J(CP) 1.7 and 1 C, d,
4J(CP) < 1 C(4) and C(4")] and 151.43 and 154.21 [2 C, dd,
'J(CP) 8.1, 2J(CP) 5.0 and 2 C, d, 'J(CP) 9.1, C(2), C(6) and
C(2'), C(6')]; m/= 510 (M ™, 48%) (Found: 510.355. Calc. for
C;;H,,P,: M, 510.3544).

3: 0p(250 MHz; C,Dy) —60.41; —60.23 (two isomers 2:9);
J94(200 MHz; C¢Dg) 1.3 (18 H, s, para-Bu'), 1.5 (36 H, s, ortho-
Bu'),4.5-5.8(2H, m,P-H)and 7.45(4 H, s, meta-CH); '°-33 m/z
554 (M*, 8%) (Found: 554.417. Calc. for CysHgoP,: M,
554.4171).

Thermal Behaviour of Dihalo(2.4,6-triisopropylphenyl)phos-
phine and Dichloro-(2.4,6-tri-tert-butylphenyl)phosphine —A
solution of IsPX, (0.6 g, 2 mmol) in toluene (20 cm?) and
pyridine (0.2 cm?) was heated under reflux for several days.
No reaction could be observed (3! P NMR). In a control
experiment, a solution of Mes*PCl, (0.35 g. | mmol) in
toluene (10 cm®) and pyridine (0.1 cm?) was heated under
reflux; after a few days, phosphaindane § was formed
quantitatively [*'P NMR:J = 108.1 (crude reaction mixture)],
d = 111.5in CDCl,.2¢
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Thermal Behaviour of (E)-1-(2.4.6-Triisopropyiphenyl)-2-(2,
4.6-tri-tert-butyipheny! ydiphosphene (1a).—A sample of 1a was
dissolved in toluene in a sealed NMR tube. The NMR tube was
heated in an oven. No reaction occurred after 3 days at 80—
100 °C, but after 1 day at 120 °C, 1a decomposed: several
unidentified high-field signals were observed.

Acknowledgements

This research was supported by the Netherlands Foundation
for Chemical Research (SON) with financial aid from the
Netherlands Organisation for Scientific Research (NWO).

References

1 G.B.Kistiakowskyand W.R.Smith,J. Am. Chem. Soc.,1934.56.638.

2 T. Asano and T. Okada, J. Org. Chem., 1986, 51, 4454.

3 M. Yoshifuji, K. Toyota, K. Shibayama and N. Inamoto, Chem. Lett..
1983, 1653.

4 M. J. Michalczyk, R. West and J. Michl, Organometallics, 1985, 4,
826.

5 T. Asano, T. Okada and W. G. Herkstroeter, J. Org. Chem.. 1989, 54,
379.

6 The first stable diphosphene was synthesised by M. Yoshifuji,
I. Shima, N. Inamoto, K. Hirotsu and T. Higuchi, J. Am. Chem. Soc.,
1981, 103, 4587; 1982, 104, 6167.

7 W. W. Schoeller, in Multiple Bonds and Low Coordination in
Phosphorus Chemistry, eds. M. Regitz and O. J. Scherer, Thieme
Verlag, Stuttgart, 1990, p. 17.

8 M. W. Schmidt, P. N. Truong and M. S. Gordon, J. Am. Chem. Soc.,
1987, 109, 5217; M. W. Schmidt and M. S. Gordon, Inorg. Chem.,
1986, 25, 248.

9 P. v. R. Schleyer and D. Kost, J. Am. Chem. Soc.. 1988, 110, 2105.

10 D. S. Warren and B. M. Gimarc, J. Am. Chem. Soc., 1992, 114,
5378.

11 P. Jutzi and U. Meyer, J. Organomet. Chem., 1987, 333, C18.

12 M. Yoshifuji, T. Satoand N. Inamoto, Bull. Chem. Soc. Jpn., 1989, 62,
2394,

13 M. Yoshifuji, T. Sato and N. Inamoto, Chem. Le1t., 1988, 1735.

14 M. Yoshifuji, T. Hashida, N. Inamoto, K. Hirotsu, T. Horiuchi,
T. Higuchi, K. Ito and S. Nagase, Angew. Chem., 1985, 97, 230.

15 A.-M. Caminade, M. Verrier, C. Ades, N. Paillous and M. Koenig,
J. Chem. Soc., Chem. Commun., 1984, 875.

16 E. Niecke, B. Kramer and M. Nieger, Angew. Chem., 1989, 101,
217.

17 E. Niecke, O. Altmeyer and M. Nieger, Angew. Chem., 1991, 103,
1158.

18 C. N. Smit, Th. A. van der Knaap and F. Bickelhaupt, Tetrahedron
Lett., 1983, 24, 2031.

19 A. H. Cowley, J. E. Kilduff, T. H. Newman and M. Pakulski, J. Am.
Chem. Soc., 1982, 104, 5820.

20 C. Couret, J. Escudi¢ and J. Satgé, Tetrahedron Lett., 1982, 23,
4941,

21 M. Yoshifuji, K. Shibayama and N. Inamoto, J. Am. Chem. Soc.,
1983, 105, 2495.

22 T. C. Klebach, Ph. D. Thesis, Vrije Universiteit, Amsterdam,
1979.

23 E. Niecke, personal communication. Note that the correct 'J(PP)
coupling constants of the cis- and trans-isomer of 6 are those
presented in the experimental part of ref. 17.

24 C. N. Smit, Ph. D. Thesis, Vrije Universiteit, Amsterdam, 1987.

25 P. Jutzi, U. Meyer, S. Opiela, B. Neumann and H.-G. Stammler,
J. Organomet. Chem., 1992, 439, 279.

26 M. Yoshifuji, I. Shima, K. Ando and N. Inamoto, Tetrahedron Lett.,
1983, 24, 933.

27 A. Baceiredo, G. Bertrand and P. Mazerolles, J. Chem. Soc., Chem.
Commun., 1981, 1197.

28 J. I. G. Cadogan, A. H. Cowley, I. Gosney, M. Pakulski and
S. Yaslak, J. Chem. Soc.. Chem. Commun.. 1983, 1408.

29 A. H. Cowley, J. E. Kilduff, N. C. Norman and M. Pakulski, J. Am.
Chem. Soc., 1983, 105, 4845.

30 A. H. Cowley, J. E. Kilduff, J. G. Lasch, S. K. Mehrotra,
N. C. Norman, M. Pakulski, B. R. Whittlesey. J. L. Atwood and
W. E. Hunter, Inorg. Chem., 1984, 23, 2582.

31 M. Driess and H. Pritzkow, 'P=Si- and As=Si-Bonds as Building
Blocks for Unusual Phosphorus- and Arsenic-Silicon Heterocycles’



812 J. CHEM. SOC. PERKIN TRANS. 2 1993

presented at the 12th Inlernational Conference on Phosphorus 35 M. Yoshifuji, K. Shibayama, N. Inamoto and T. Watanabe, Chemn.

Chemistry; Plosphorus Sulfur, in print. Leti.. 1983, 585.
32 A. D. Vreugdenhil and C. Blomberg, Recl. Trav. Chim. Pays-Bas,

1963, 82, 453, 461.
33 A. L. van Geet, Anal. Chen.. 1968, 40, 2227; 1970, 42. 679, _ Paper 3/00101F
34 G. M. Whitesides, M. Eisenhut and W. M. Bunting. J. Am. Chem. Received 6th January 1993

Soc., 1974, 96, 5398. Accepted 23rd Februarr 1993






