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Abstract: The base catalyzed hydrolysis of 2-phenyl-2-oxo-3-(2,6-dimethylphenyl)-1,3,2-oxa~-

zaphospholidine, 6, and 2-phenyl-2-oxo-3-(2,6-diisopropylphenyl)-1,3,2-oxazaphospholidine,

7, yields ring opened products involving 95% and 100% P-O cleavage, respectively.

The basic hydrolysis of S5-membered ring cyclic 2-methoxyl-2-oxo-3-phenyl-1,3,2-oxaza=-

phospholidine 1 has been reported by Hudson1 to give exclusively the P-O bond cleavage pro-

duct (Scheme I). In surprizing contrast the cyclic 2-phenyl-2-oxo-3-phenyl-1,3,2-oxaza-

phospholidine z_yielded exclugively the P-N bond cleavage product.

We have earlier suggested
that the dramatic difference in
P-0 and P-N bond cleavage in 1
and 2 could arise from a stereo-
electronic effect.? This
stereoelectronic effect involves
the selective cleavage or for-
mation of bonds which are trans,
antiperiplanar (app) to 1lone
electron pairs on directly bond-
ed oxygen and nitrogen atoms.
This stereocelectronic effectz'3
has been theoretically justified
and recently experimentally
supported for reactions at both

3,4 5-7

carbon and phosphorus.

As shown in Scheme I the
phosphorane 3 formed by hy-
droxide attack opposite to the
ring oxygen in 1 has two lone
electron pairs on the basal oxy-
gens app to the apical ester
bond which facilitate ring P-O
bond cleavage. The phosphorane

4 formed by hydroxide attack
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opposite to the ring oxygen in 2 has only one lone electron pair app to the apical ring oxy-
gen (the lone pair on the spz—hybridized nitrogen in 3 and 4 will lie in the basal plane be-
cause of conjugation with the aromatic ring and the favored orbital orientation of a nitro-
gen lone pair in a phosphoranes). P-0 bond cleavage will thus be stereoelectronically more
favorable in 3 than in 4. However, ~OH attack opposite the nitrogen atom would yield a

6,7

phosphorane 5 in which the apical nitrogen is app to two oxygen lone pairs, and thus P~N

cleavage would be stereoelectronically favored in the hydrolysis of 3.9

In contrast to these results, we wish to report that the basic hydrolysis of N-aryl
substituted cyclic 1,3,2-oxazaphospholidines 6 and 7 give almost quantitatively P-0 bond
cleavage products. The results provide strong support for stereoelectronic control of the

bond cleavage step.

Cyclic phosphonamidates 2 and l were synthesized by adding the appropriate amino al-
cohols to a solution of phenyl phosphonic dichloridate in excess dry pyridine at 0~5°C under

nitrogen. After column chromatography and recrystallization 6 and 7 were obtained as white

crystals, m.p. 135-136° and 158-160°C, respectively. Elemental analysis, 1H NMR, 31P
NMR, 13C NMR and mass spectra all confirmed the structures of 6 and 7.
The hydrolysis of i and _1 in 0.01-0.30M NaOH, 50% aqueocus dioxane was monitored by 31?

NMR. 6 and 7 were completely hydrolyzed within 20 min. and as shown in scheme II 6 gave ca.

5% P-N bond cleavage product 8, in addition to 95% of the P-O bond cleavage product 9. 7
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gave exclusively 100% P-0 bond cleavage product 10. The product identification was made by
addition of an independently synthesized P-N bond cleavage sample to the hydrolysis product
and demonstrating that their 31P signals were superimpokable. In addition, both 130 NMR
spectra of the hydrolysis product 10 and an independently synthesized 11 were recorded and
shown to have coupling constants for P-NCH, and P-0CH,, of 7.3 Hz and 4.9 Hz, respective-

ly. Table I presents a comparison of Boudreau et al.'s results1 and our own.

Table I. Comparison of Base Catalyzed Hydrolysis of Phosphonamides 2, 6, 7

Compound AP=N %p-0
cleavage

1 1 0? 1008

2 1 1002 0

1_(R=¢Pd R ob 100

b

2ref. (1) This work.

When the 2,6-positions of the aromatic ring are substituted by alkyl groups (6 R=Me and
7 R=1~Pr), the hybridization of the nitrogen can no longer be sp2 since the conjugation with
the aromatic ring will be destroyed by severe steric interactions between the alkyl sub-
stituents on the aromatic ring and the cyclic five-membered ring. Indeed, the proton and
carbon NMR spectra of 7 show that the four methyl groups on the isopropyl groups are magnet—
ically distinguishable, indicating restricted rotation about the N-aromatic bond. Phosphor—
anes 12 and 13 formed by hydroxide attack opposite the ring oxygen will now have two lone
pairs app to the scissile apical bond oxygen, one from oxygen and the other at least
partially from the sp3—hybridized nitrogen. As in 4 and 5 the two lone pairs app to the
apical bond will facilitate ring cleavage. Apparently in 6 the magnitude of the steric
effects, the resulting change in hybridization on nitrogen, and the importance of the
stereoelectronic effect are finely balanced so that both P-0 and P-N cleavage is observed.

Steric effect considerations alone would suggest that P-N cleavage should be favored in
these N-phenyl substituted, sterically crowded pentacovalent transition states. Relief of

this steric strain would best be achieved by actually placing the bulky nitrogen leaving
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group in the long5 apical scissile bond. As raised by a reviewer, another factor which may
be considered 1s the possibility of sterlic hindrance towards solvation of the amine leaving
10 N-2,6-dimethylphenyl-N-methyl

formamide undergoes carbonyl-oxygen exchange in base, but cleavage of the C-N bond does not

group. Thus, as shown by Deslongchamps and co-workers,

occur. In contrast, N-methyl-N-phenylformamide hydrolyzes readily with no carbonyl-oxygen
exchange. The two methyl groups on the phenyl ring in the tetrahedral intermediate formed
in the hydroxide addition to N-2,6~dimethylphenyl-N-methyl formamide are suggested to pre-
vent hydrogen bonding to the leaving group nitrogen and hence prevent hydrolysis. Similar
steric effects may well operate in the hydrolysis of 6 and 7, although stereoelectronic ef-
fects rather than hydrogen bonding effects could also explain the formamide hydrolysis re-

sults.
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