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Bicyclic amidines, usually referred to as ‘non-nucleophilic
strong bases’, are of great synthetic importance because
of their efficiency in promoting various transformations
that otherwise are difficult to carry out.!”® There is a
growing body of evidence that strong catalytic effects of
bicyclic amidines, e.g. 1,8-diazabicyclo[5.4.0]undec-7-ene
(DBU) 4 (Scheme 1), is probably not only due to their
high basicity, but also to the profound nucleophilicity of
nitrogen centers in these species.>*® Indeed, X-ray ana-
lysis of some complexes of DBU (and other bicyclic
amidines) with P™ compounds clearly shows the presence
of the P-N bonds.” Recently, using 3'P NMR spectro-
scopy, we have also detected the formation of amidines
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of type 5 and 6 during oxidative transformation of
H-phosphonate derivatives that further supports the pos-
sibility of strong nucleophilic properties of DBU.®

In this letter we describe our preliminary studies on
the reaction of DBU with various phosphorochloridate
diesters 1-3, which might be relevant to a variety of
other transformations of phosphorus compounds, when
bicyclic amidine bases are used as catalysts.

3P NMR experiments showed that diphenyl phos-
phorochloridate 1a (8, = —4.7) reacted rapidly in aceto-
nitrile upon the addition of 2 equiv. of DBU (4)
producing within 10 min a major product (>95%), with
a signal resonating at 22.2 ppm, which was identified
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Scheme 1.
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as diphenyl-1,8-diazabicyclo[5.4.0]undec-7-en-6-ylphos-
phonate 8.' The incremental addition of DBU revealed
the formation of the putative amidine derivative 6 (0p =
—3.7),® that underwent gradual transformation into
compound 8. The same course of reaction (the formation
of intermediate 6 and its conversion into product 8) was
observed for diphenyl phosphorobromidate 1b (6p=
—16.1).

Alkyl phosphorochloridate diesters 2 (8= —3.2) and
3 (8p=3.2) also reacted rapidly with DBU (2 equiv.) in
acetonitrile, tetrahydrofuran, or pyridine, affording the
amidine derivatives 7 (3p=1.6) and 5 (8, =4.9), respect-
ively, as major phosphorus-containing species (>95%).
Although no visible changes occurred in the reaction
mixtures within 15 min, when left to stand overnight, the
amidine 5§ produced a complicated mixture of products,
while 7 was cleanly converted into a product with a
signal resonating at 19.8 ppm. The latter was isolated by
silica gel chromatography and identified (‘H, '*C, 3P,
'H-'H, 'H-'3C, '"H-3'P NMR) as the phosphonate 9.°

The formation of 6-substituted phosphinoyl derivatives
of DBU 8 and 9, probably occurs via an intramolecular
nucleophilic attack of the C-6 carbon of the DBU moiety
on the electron-deficient phosphorus center in 6 or 7.
This is consistent with the observed reactivity of the C-6
position in the DBU cation.'® The reaction was signific-
antly faster in the instance of amidine 6, most likely due
to the presence of two electron-withdrawing substituents
(two phenoxy groups) attached to the phosphorus center.
Formation of the complicated mixture of products from
diethoxyphosphinoyl derivative 5 might be due to a
competing dealkylation reaction, and some subsequent
transformations of the produced reactive species.

t Compound 8 was isolated from the reaction mixture as its
hydrochloride using silica gel column chromatography and
its structure determined using 'H, C, 3!'P, and 'H-3'P
correlated NMR spectroscopy. 'H and !3C NMR spectra
showed resonances due to DBU and aryl moieties in the
expected ratio. Some diagnostic spectral data: 'H NMR 3§
(CDCl,) 7.12-7.32 (m, 10 H), 5.05 (J 30.4, 5.5 Hz, 'H; cross
peak in 'H-3!P), 4.85 (J 12.3, 14.3 Hz, 1 H), 3.5 (m, 2 H),
3.3 (m, 1 H), 3.1 (m, 2 H), 2.1 (m, 'Hj; cross peak in 'H-3'P),
1.5-2.0 (m, 7 H). 3C NMR § (CDCl;) 159.8, 150.4 (J 9.2 Hz),
149.7 (J 11.0 Hz), 129.8 (J 12.9 Hz), 125.5 (J 14.6 Hz), 120.5
(J 5.5Hz), 120.4 (J 5.5 Hz), 53.2, 50.1 42.5 (J 135.7 Hz), 38.4,
26.1, 24.4 (J 3.7 Hz), 23.6 (J 5.5 Hz), 19.1.
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In conclusion, one should exercise caution when using
DBU as a catalyst during the synthesis of phosphorus
compounds, especially, in the reactions where nucleo-
philic properties of DBU can become more important
than its basicity. Since amidine derivatives of type 6 have
been directly or indirectly postulated as intermediates in
a variety of transformations involving phosphorus com-
pounds,>® it is important to be aware of the existence
of this low energy reaction pathway which may lead to
stable C-phosphonates of type 8 under exceedingly mild
conditions. On the other hand, since the formation of
phosphonates 8 and 9 is a clean reaction, these findings
might also be of synthetic value for the functionalisation
of DBU (and possibly other bicyclic amidines) at the C-6
position. Further studies on this subject are in progress
in this laboratory.

Acknowledgements. We are indebted to Prof. Per
J. Garegg for his interest in this work and to the Swedish
Natural Science Research Council and the Swedish
Research Council for Engineering Sciences for financial
support.

References

1. Cowley, A. H. Acc. Chem. Res. 17 (1984) 386.

2. Fujii, M., Ozaki, K., Sekine, M. and Hata, T. Tetrahedron
43 (1987) 3395.

3. Stec, W. J., Grajkowski, A., Koziolkiewicz, M. and
Uznanski, B. Nucleic Acids Res. 19 (1991) 5883.

4. Helinski, J., Dabkowski, W. and Michalski, J. Tetrahedron
Lett. 34 (1993) 6451.

5. Tawfik, D. S., Eshhar, Z., Bentolila, A. and Green B. S.
Synthesis (1993) 968.

6. Lesnikowski, Z. J., Zabawska, D., Jaworska-Maslanka,
M. M, Schinazi, R. F. and Stec, W. J. New J. Chem. 18
(1994) 1197.

7. Reed, R., Reau, R., Dahan, F. and Bertrand, G. Angew.
Chem., Int. Ed. Engl. 32 (1993) 399.

8. Kers, A., Stawinski, J., Dembkowski. L. and Kraszewski. A.
Tetrahedron 53 (1997) 12691.

9. When this work was complete, a communication about the
synthesis and X-ray analysis of 9-HCI appeared. See:
Vijjulatha, M., Kumar, K. P., Swamy, K. C. K. and Vittal,
J. J. Tetrahedron Lett. 39 (1998) 1919.

10. Lofas, S. and Ahlberg, P. J. Am. Chem. Soc. 107 (1985)
7534.

Received August 13, 1998.



