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The Phospha-Cope Rearrangement of 3-Phospha-1,5-hexadiene Derivatives Bearing a Hydroxyl Groupt
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The title phospha-Cope rearrangement gives the corresponding cyclic phospho-
nates or phosphinates in 30 to 100% yields. Studies on solvent effects and kinetic iso-
tope effects using the deuterated derivatives strongly support that there is a pre-
equilibrium between tetracoordinate and pentacoordinate structures, followed by the rate-

determining phospha-Cope rearrangement.

We have reported that the phospha-Cope rearrangement of 3-phospha- and 2-aza-3-phospha-1,5-hexa-
dienes and 4-phospha- 1-hexene-5-yne derivatives gives the corresponding 1-phospha-1,5-hexadiene derivatives,
which have been led to the corresponding phosphonates or phosphinates by an intermolecular reaction with an al-
cohol. ) The phospha-Cope rearrangement, followed by intramolecular addition reaction of hydroxyl group, is
of interest from the viewpoints of not only promising the synthesis of the cyclic phosphonates or phosphinates
bearing a double bond at d-position, but also making it possible to study on solvents effects of the rearrangement.
Here, we wish to report on the mechanistic study of the rearrangement.

3-(2-Hydroxymethylphenyl)-3-phospha-1,5-hexadiene 3-oxides (1a,b) were prepared in 58 and 32%
yields, respectively, from 2-propenylvinylphosphinic chlorides (3a,b) as shown in the following schcmc.2’3)
3-(3-Hydroxypropyoxy)-3-phospha-1,5-hexadiene 3-oxides (2a,b) were prepared by the reactions of 3a,b with
1,3-propanediol in the presence of triethylamine.
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Compounds 1 and 2 (1 mmol) were heated in ¢-dichlorobenzene (3 ml) under argon atmosphere to afford
the corresponding cyclic 4-methyl-4-pentenylphosphoryl derivatives (4a,b and 5a,b) as shown in the following
scheme. It is very interesting that the reaction of 1a even in hexanol gives quantitatively 4a and the intermolec-
ular trapping product is not obtained at all. But, in the case of the reaction of 2a there is a side reaction, which
gives 7a probably formed by double bond migration of 5a, presumably because of long reaction time (6 d).
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The yields of the desired products 4 or 5 (5+7) are higher in the reactions of 5-methyl derivatives than
those of 5-unsubstituted ones, indicating that the methyl group at 5-position stabilizes a transition state of the
phospha-Cope rearrangcment.z) Therefore, a kinetic study was carried out using 1a, because the reaction was
the cleanest without side reaction. The reactions in ¢-dichlorobenzene, hexanol, and nitrobenzene were moni-
tored by GLC using triphenylphosphine oxide as internal standard to give the first order rate constants as shown
in Tabel 1.

Table 2 shows activation parameters obtained from the Eyring equation. These values are similar in com-
parison with those of typical Cope and Claisen rearrangements.4) The values of AG” are equal within experimen-
tal error in each solvent. The activation parameters obtained in hexanol are quite similar to those reported previous-
ly in the phospha-Cope rearrangements trapped by hexanol, indicating that both the intermolecular and intra-
molecular trapping reactions proceed via the same mechanism. ) The solvent effect unexpectedly smaller than
those of the ortho-Claisen5 and aza-Cope6) rearrangements can be reasonably interpreted as follows: The reactant
1 is slightly more polar than those of the above rearrangements, so that both the reactant and the transition state are
similarly stabilized by the polar solvent, thus making the energy gap between them almost equal in all solvents.

Tablel. Rate Constants at Various Temperature a)

k/107 571
T/°C 0-CgHyCl,  n-CgH,;0H C(HNO,
154.5 9.97 ; 9.05
150.0 8.65 5.89b) 6.50
145.5 6.11 4.43 4.57
140.5 5.18 2.52 2.42
135.0 2.20 1.80 ;

a) By GLC (column: 1% Silicone DC QF-1 on 80/100 mesh chromosorb W-AW-
DMCS). b) Measured at 149.8 °C.
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Table 2. Activation Parameters

Solvent AH? /kcal mol’! AS™/e.u. AG” [keal mol™]

CgHsNO, 27.0+2.3 -14.2%+5.4 32.9+4.5
n-CgH30H 28.0£2.2 -12.4£5.4 33.2+4.4

0-CeH,Cly 30.8+ 1.8 -5.6+4.2 33.1+3.6

In order to clarify the mechanism furthermore, secondary kinetic isotope effects were studied using two
deuterated derivatives 8 and 9 in o-dichlorobenzene at 419.8 K.?  The ratio ky/kp were given to be 1.06 and
1.17 for 8 and 9, respectively.s) When the observation of secondary kinetic isotope effects in both cases is
taken into consideration, the most reasonable mechanism seems as follows: There is a pre-equilibration between
teracoordinate structure A and pentacoordinate one B, and the rate determinating step is the phospha-Cope rear-
rangement from the pentacoordinate structure B, followed by fast prototropy. To our knowledge, this is the first
example for the phospha-Cope rearran:;gfment on a pentacoordinate phosphorus center. This pre-equilgi‘;)rium was

P

also suggested by higher field shift in -NMR spectrum upon increasing measurement temperature.
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