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Abstract: Reaction of the axially substituted trans-3-chloro-2,4-dioxa-3A3-phosphabicyclo[4.4.0]decan-3-one ((£)-1)
with O- and S-nucleophiles in the presence of DBN preferentially proceeds with retention at P, whereas the epimeric
ratio is reversed with DBU as the auxiliary base. N-nucleophiles exclusively react with inversion; in the presence of
DBN, a pentacoordinated compound (5), which is considered to be a reaction intermediate, was isolated as the main
product.

In the course of our current investigations concerning the inhibition of serine hydrolases with
organophosphates, we have prepared several novel 2,4-dioxa-3\5-phosphabicyclo[4.4.0]decan-3-ones as
inhibitors and model compounds.! Being configurationally and conformationally locked, these trans-decaline
congeners are good probes for the investigation of stereochemical implications by 3!P NMR spectroscopy.
Several years ago, such compounds were studied intensively, and a set of arguments for the unequivocal
assignment of their structures has been established.2-3 Hence, the 31P NMR resonance of the axial epimer is
shifted upfield with respect to the equatorial one and the splitting pattern in the !H-coupled 31P NMR is
indicative of the conformation of the heterocyclic ring. According to stereoelectronic considerations, axially
substituted phosphates and thiophosphates preferentially adopt a chair and its equatorial counterparts a twist-
boat conformation; the situation is reversed in the amidates. Experimentally, the axial isomer mostly elutes faster
in a chromatographic system.

The axially substituted chloridate (+)-1,2b as a highly reactive starting material, was treated with a series
of O-, N-, and S-nucleophiles under various conditions with the aim to isolate both P-epimers for further
investigation. In order to enhance the reactivity of several reluctant S-nucleophiles, b 1,5-diazabicyclo[4.3.0]-
non-5-ene (DBN) or 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) was added as an auxiliary base. Unexpectedly,
we observed inversion of the epimeric ratio when changing from DBN to DBU. An even more pronounced
effect was also found for analogous reactions with O-nucleophiles, whereas N-nucleophiles exhibited a different
behaviour. In this note we report directly comparable results obtained with similar nucleophilic reagents under
identical reaction conditions, the only difference being the nature of the auxiliary base (Scheme 1).
Representative results are summarized in the Table.4
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Reaction of (¥)-1 with 2-phenylethylamine in the presence of either DBU or DBN only yielded the
equatorially substituted product 4b; the axial epimer 4a could not be detected’ (see Table). Thus, the earlier
statement that amines attack solely by inversion at phosphorus6 is confirmed under our reaction conditions.
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Table. Diastereoselectivities of nucleophilic displacement reactions of (+)-1.

Epimeric Ratio (%)
Nucleophile- Auxiliary Base Products a (ax) b (eq)
RET INV

Ph(CH3)2-OH DBU 2a,2b 11 89
DBN 75 25
Ph(CH3)2-SH DBU 3a,3b 20 80
DBN 80 20
Ph(CH2)2-NH> DBU 4b - 100
DBN 4b.5 5 (80%) 4b (20%)

a Determined from the 31P NMR spectra of the reaction mixture before chromatography.

Surprisingly, an unexpected compound was the main product when using DBN as the auxiliary base in the
reaction of (1)-1 with 2-phenylethylamine’. Based on the CIMS (m/z 420.4, {M+H]*), its molecular formula
can be assigned as C2oH34N303P (M 419.48). The presence of both the 2-phenylethylamine and the DBN
substituents is revealed by the 1H and 13C NMR spectra (g 7.18, s, Ar-H; 8¢ 163.6 ppm, amidinium C(6')8).
Moreover, the characteristic splitting (2Jc p and 3Jc p) of the corresponding 13C signals clearly show an intact
2,4-dioxa-3A5-phosphabicyclof4.4.0]decane moiety in a double chair conformation @Jp,ﬂ_eq(s) =22Hz). Asa
consequence, the phosphorus is pentacoordinated. This finding is corroborated by the 31P chemical shift (5 8.2
ppm) which is indicative of a PO3N3 species in a trigonal bipyramid (TBP)9. These spectroscopic arguments,
combined with stereoelectronic considerations, lead to the assignment of the betaine constitution 5 as depicted in
Scheme 2. The attachment of the 2,4-dioxa[4.4.0]decane moiety is chosen in an arbitrary manner.
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The relative positions of the equilibria between the theoretically possible isomers 5, §', 5", and 5" are
estimated according to stereoelectronic (relative apicophilicities) and steric effects (ring strain in a TBP). Hence,
as inferred by 13C NMRS3 and from the above mentioned criteria, the betaine § represents the most stable
sructure. All attempts to crystallize the labile compound for an X-ray crystallographic analysis were
unsuccessful.
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The mechanism of nucleophilic displacement reactions between phosphate esters and related compounds
has been the subject of significant investigations from which conflicting results have emerged.10 In particular,
exocyclic displacements occur with a bewildering variety of stereochemistries, dependent upon the nature and
conformation of the substrate, leaving group, attacking nucleophile, solvent, and added salts. 102

The two auxiliary bases of the present study have been roughly considered to have only minor differences;
nevertheless they unexpectedly display largely disparate effects. As can be seen in the Table, the reactions of O-
and S- nucleophiles follow a partly mixed pathway, with predominant retention (DBN) and inversion (DBU) at
phosphorus. Unfortunately, we found the vast literature!0 devoid of unambiguous arguments which could
convincingly explain our experimental facts. Taking account of all relevant aspects, we assume the bulkiness of
the two bases to be the essential feature. Hence, the bulkier DBU is considered to act as a general base catalyst
and the entering nucleophile to react via direct 'in-line’ SN2(P) displacement under inversion, whereas the
smaller DBN participates as a nucleophilic activation agent and leads via two consecutive 'in-line’ inversions to
overall retentionll. The isolation of the TBP 5 strongly supports these hypotheses. Although experiments to use
5 as starting material for subsequent nucleophilic displacements were unsuccessful, probably due to its
instability, we consider the pentacoordinated compound 5 to be a true intermediate. The reaction with the N-
nucleophile proceeds exclusively via an 'in-line’ substitution process, which yields the stereoelectronically
favoured2:3 equatorial epimer (4b).

Several explanations may account for the respective side-products. The DBU-retention products (2a, 3a)
might be formed (a) through 'adjacent’ attack of the nucleophile, pseudorotation and apical departure of the
leaving group, (b) by epimerization of the stereoelectronically less favoured equatorial primary products (2b,
3b), or (c) by a double inversion process where DBU may also act as a nucleophilic activator, as described
above. The DBN-inversion products (2b, 3b) could be the result of (a) DBN acting as a general base catalyst,
or (b) epimerization of the intermediary equatorial DBN*-adducts to the axial ones (a process which seems to be
favoured as the cationic substituent is supposed to have high relative apicophility) and subsequent inversion by
the aromatic nucleophile. However, the transitory occurrence of a hypervalent P(6) intermediate10-12 in terms of
the sequence P(4) === P(5) == P(6) == P(5)' or P(5)" == P(4)' cannot be precluded either.

To the best of our knowledge this is the first report on SN2(P) reactions where the structure of two
otherwise very similar catalysts is crucial for the mechanism and it presents a further example of how the overall
stereochemical outcome is extremely dependent on the reaction conditions.
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