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SYN TO ANTI ISOMERIZATION AND DEGRADATION OF PHOSPKINES 

OF THE 7-PHOSPHANORBORNENE SYSTEM BY ACTION OF METHANOL 

Keith A. Mesch and Louis D. Quin* 

Gross Chemical Laboratory, Duke University, Durham, North Carolina, 27706 

Abstract. &-Substituted phosphines of the 7-phosphanorbornene system form unstable phosphorane 
adducts with methanol that either fragment by retro-McCormack cycloaddition or undergo polytopal 
rearrangement and loss of methanol to give the first examples of anti phosphines. -_-- 

When angle strain is severe about phosphorus in P(J.11) or P(IV) structures, the formation of 

phnsphorane intermediates or products can occur with exceptional ease. A well-known example' of 

the latter isThe remarkably fast hydrolysis rate of the phosphinate group when incorporated in 

the 7-position of the norbornene skeleton as in 1. Here the rate for basic hydrolysis is about - 

lo5 that of unstrained, noncyclic phosphinates due to the greater compatibility of the constrained 

C-P-C angle <8702! with the requirements of the apical-equatorial position (90") of trigonal bipy- 

ramidal intermediate 2 than of the tetrahedral structure 1. - 

OH 

CzH50 0 I 
\,6 CzHsO- P.-O- 

Similarly, phosphines of the strained phosphetane system form dialkoxyphosphoranes on reaction 

with (RO), at a rate faster than that of acyclic phosphines.3 

Following our recent synthesis of the first tertiary phosphines of the 7-phosphanorbornene 

series4, we have encountered two chemical changes with these strained substances that require an 

explanation based on the unprecedented intermediacy of a P(V) adduct with methanol or water. While 

alcohols are known to form adducts with certain phosphite derivatives5, no adduct of this type has 

ever been reported for a phosphine. 

Warming the 7-phosphanorbornene k4 with methanol results in its complete destruction within 

15 minutes. The products are cyclooctatetraene, phenylphosphine and dimethyl phenylphosphonite. 

Each of these are secondary products whose origins are explained in Scheme 1. The key steps are 

the formation of P(V) adduct 4 and its subsequent degradation by a reverse McCormack cycloaddition _ 

to a diene (5) and a phosphinite (6). Another example3r6 of a reverse McCormack reaction is pro- - 

vided by the P(V) adduct of a 3-phospholene with a dialkyl peroxide; degradation is rapid to form 

a diene and a phosphonite. Just as for the initial products from adduct 4, the forward McCormack 
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reaction is not known to occur with the released phosphonite. The ejected monoalkylphosphinite 6 - 

from the reverse WcCormack reaction of 4 then undergoes disproportionation to the observed products _ 

(detected by "'P NMR at 6 -123 for the phosphine and 6 -t160 for the phosphonite; upfield and - _ 

downfield, respectively, from 85% HxP04), while the diene undergoes rearrangement' to cyclooctate- 

traene. No spectral evidence for the intermediacy of the proposed P(V) form has yet been obtained. 

Scheme 1 
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7-Phosphanorbornene derivative 74 was slower in its degradation with methanol, and after 3 hr. 

at 50" only 20% had decomposed by the reverse McCormack pathway (as determined by the concentration 

of dihydrophosphindole derivative LJ. 6 'lP f11.7). However. - the surprising observation was made 

that 64% of the phosphine had undergone inversion of configuration at the bridging phosphorus to 

produce the anti isomer (9). The mixture also contained some unrearranged L (16%). With phos- 

phine 8', the inversion was nearly complete (96X of lo, 4% of g), allowing the isolation of the 

anti isomer in pure form by distillation (782 yield). The reaction ran therefore be viewed as 

having preparative value. 

CH,OH 
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CH, 

1, R=H 
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h solution t?i water in dioxane behaved in the same manner: with the P-phenyl counterpart* of St 

90% inversion andlOX reversc-~l(.('oi-rll;l(,I, reaction nrcurred aiter I6 hr. at 50". That the isomeriza- 

tion at P depends on a direct reaction with the hydroxylic species and is not a simple pyramidal 

inversion with an unusually low AG 
+. 

1s suggcstcd from the failure of the syn-phosphines to isomer- 

ize when heated neat or in solvents such as dioxane, benzene, CrlCISB. or CH3CN. The isomerization 

can be explained by the intermediacy of the same P(V) adduct that is involved in the reverse 

McCormack reaction. This addnct undergoes rearrangement of the trigonal bipyramid to a form that. 

on loss of methanol, generates the anti structure. The anti isomer was found to be unchanged when 

subjected to the alcohol treatment. 

While no facts are available that reveal the mechanism of the ROH addition, it may constitute 
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an example of concerted attack of a biphilic species on P(TIT), a type of reaction recently sub- 

jcctcd to theoretical scrutinyg"'. A two-step process involving initial formation of a P(U) 

intermediate seems unlikely, as angle strain would only be increased in forming such a tetrahedral 

intermediate. The P(V) adduct can be developed with RO-H occupying equatorial-equatorial9 or api- 

cal-equatorial positions"; structure 13 shows the result of the latter approach to a syn-phos- 

phine, and the polytopal rearrangements of the trigonal bipyramid required tu produce an isomeric 

structure (14) which on loss of RO-H would generate the anti-phosphine. 
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Ldentification of the anti-P-methyl isomers was made by converting them to the same methio- 

dides as formed from the ss isomers (from r, m-p. 197-199"; from 8 m.p. 200-201"). The isomeric - 

phosphines had dramatically different 'ITI N?IK spectra; for example, z isomer 7 has the 7-P at 

z +96.5, the endo P at 6 -2.3 with 3.J _ Pp=24.4 Hz, while the anti isomer (3) has 7-P at R +30.2, _ 

cndo P at 5 -7.9 and shows no P-P coupli~lg. _ Similarly, no P-P coupling was observed for 10 - 

(a "Pa +27.1, Pb -9.5). That the magnitude of 3.JpP in rigid diphosphorus compounds can be 

controlled by the configuration at a trivalent phosphorus seems to be a new observationll, although 

cases are known where three-bond C-PfZ and H-P" couplings in phosphines are so controlled. The 

isomers show certain 13C bX$R differences that are perfectly consistent with the configurational 

differences assigned to the 7-P. Thus. it is a well-established propertyI‘ that the magnitude of 

2JPC 
in phosphines is increased by proximity to the lone pair, and this is clearly visible on 

comparing data for pertinent carbons in isomer pair 8 and 10 (at C-5: S, 6 142.4, _ _ 'JCP =4.2 Hz; 

10. 6 144.5, 'J 
a 

CPa 
= 20.1. At C-3: 8. 6 59.6, 'JCp = 28.1 and '.J 

CPb 
= 3.0; lo. 6 59.4, - 

2J 
a 

CP, 
= 3.8 and ZJ 

cPb 
= 4.2). That the endo-Pb is not involved in tne methanol inversion reaction 

is nhvirrus from the consistency of '5 
"b 

at C-l (8. 6 47.3, 2.J 
CPb 

= 24.5: 10, d 44.2, ?JCP =22.5)'5. 

Furthermore, the CH, signal at Pb 
)b 

has the same chemical shift and coupling constant (fi 15.8,l.~PC= __ 

19.5) in both 8 and 10, and would surely differ if the steric environment had been changed. 

It is not yet clear why the syn-isomer undergoes P(V) formation so much more readily than the 

anti, as revealed by the Lack of rearrangement of the anti isomer under the same conditions. Nor -- 

is it known why the 'lP h'?lR shifts differ so drastically for the isomers. These properties make it 

obvious that the 7-phosphanorbornene system offers unique opportunities for the detection of novel 

influences in phosphine chemistry that result from molecular geometry deformations, or unusual 

orbital interactions, or both. 
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The large size of this coupling is of value in establishing the configuration at the endo-P. 
The configuration expressed by structures _T - @ places the lone pair in quite close proximity 
to C-l; the lone pair is remote in the opposite configuration and 'J Cp should be quite small. 
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