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bis-[(S)-a-phenylethyl]-bicyclic phosphorous acid diamides
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Abstract—Addition of aldehydes to the P-anion derivatives of chiral phosphorous acid diamides (1S,2S,10S,100S)-2 and (1R,
2R,10S,100S)-2 in THF gave a-hydroxyphosphonamides in good yield (64–100%) and moderate diastereoselectivities.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

The Pudovik reaction is a well known phosphonylation
process that involves the addition of organophosphorous
compounds containing a labile P–H bond to unsaturated
systems.1 During the last decade, the asymmetric
Pudovik reaction of aldehydes, in the presence of chiral
diols, amino alcohols and diamines as catalysts or chiral
auxiliaries have been successfully reported.2

Spilling and co-workers3 reported the use of phospho-
rous acid diamides derived from N,N0-dibenzyl-
and N,N0-dineopentyl-trans-(1R,2R)-1,2-cyclohexanodi-
amine, A and B, with moderate to good diastereo-
selectivity (Chart 1).3 Additionally, Kee and co-workers
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reported the use of N,N0-bis-[(S)-a-phenylethyl]-1,2-
ethylendiamine C with moderate results (Chart 1).4

Herein, we report the use of (1S,2S,10S,100S)- and
(1R,2R,10S,100S)-trans-N,N0-bis[(S)-a-phenylethyl]-1,2-
diaminocyclohexane,5 (1S,2S,10S,100S)-1 and (1R,2R,
10S,100S)-1, which incorporate both the trans-1,2-
cyclohexanediamine and the a-phenylethyl group.
These 1,2-diamines, which are structurally related to
compounds A–C, are used in the asymmetric phospho-
nylation of aldehydes. Also, analyses of X-ray crystal-
lography data of some derivatives are presented in this
report.
2. Results and discussion

The condensation of diamines (1S,2S,10S,100S)-1 and
(1R,2R,10S,100S)-1 with PCl3 and Et3N in toluene fol-
lowed by filtration of the resulting Et3NÆHCl gives the
crude chlorodiazaphospholes, which are not isolated.
The subsequent addition of 1 equiv of water, and 1 equiv
of Et3N to the crude reaction mixture affords the di-
azaphosphole oxides 2. Both diastereoisomers of 2 are
purified by column chromatography and evaluated in the
addition of aldehydes to their lithium salts in THF,
affording a-hydroxyphosphonamides 3a–k (Table 1). In
all cases, the reaction is quite clean, and conversions are
good to high (65–100%). Since starting material and all
diastereoisomeric pairs 3a–k are easily distinguishable by
31P NMR spectroscopy, this provides a suitable method
for the determination of conversions and isomeric ratios.
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Table 1. Reaction of (1S,2S,10S,100S)- and (lR,2R,1S,100S )-N,N00-(a-phenylethyl)-substituted phosphorous acid diamide with aldehydes
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Entry Diamine Aldehyde Product Conversiona

(%)

d,a ppm major/
minor

Dd,a ppm Isomeric

ratioa
Conf.b

1 (1S,2S,10S,100S)-1 Benzaldehyde 3a 92 36.3/34.7 þ1:6 1.8:1 Rc

2 (1S,2S,10S,100S)-1 p-Anisaldehyde 3b 87 36.9/34.7 þ2:2 1.6:1 R

3 (1S,2S,10S,100S)-1 p-Bromobenzaldehyde 3c 65 36.1/33.5 þ2:6 2.6:1 R

4 (1S,2S,10S,100S)-1 1-Naphthaldehyde 3d 100 36.6/34.5 þ2:0 1.9:1 Rd

5 (1S,2S,10S,100S)-1 Isobutyraldehyde 3e 99 36.8/38.2 �1:4 1.6:1 S

6 (1S,2S,10S,100S)-1 Isovaleraldehyde 3f 100 37.6/39.8 �2:2 1.5:1 Se

7 (1R,2R,10S,100S)-1 Benzaldehyde 3g 98 35.6/34.9 þ0:7 1.3:1 Sd

8 (1R,2R,10S,100S)-1 p-Anisaldehyde 3h 100 35.8/34.9 þ0:9 1.8:1 S

9 (1R,2R,10S,100S)-1 p-Bromobenzaldehyde 3i 100 35.2/34.6 þ0:6 2.0:1 S

10 (1R,2R,10S,100S)-1 Isobutyraldehyde 3j 97 36.9/38.9 �2:0 1.7:1 R

11 (1R,2R,10S,100S)-1 Isovaleraldehyde 3k 100 37.7/38.5 �0:8 2.6:1 R

a Conversion and diastereoisomeric ratios were determined from 31P NMR spectra of the crude products, which were recorded in CDC13.
b In each case, the assignment of configuration on the new stereogenic centre of the major epimer was determined by cross reference of Dd values, and
based on the structure of compounds 3a,d,f and g.
cMixed crystals of the diastereoisomers were obtained, and X-ray diffraction analysis was performed.6
d In both cases, the absolute configuration of the major diastereoisomers were determined by single crystal X-ray diffraction.7
e The absolute configuration of the minor diastereoisomer was determined by single crystal X-ray diffraction.7
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Diastereoisomeric ratios are moderate, and stereoselec-
tivities are found to be strongly dependent on the nature
of the aldehyde and the chiral diamines 1. The major
and minor diastereoisomers of the carbinols prepared
from aromatic aldehydes were reversed in their positions
in the 31P NMR (Table 1, entries 1–4 and 7–9), relative
to the products prepared from the aliphatic aldehydes
(Table 1, entries 5–6 and 10–11). In consequence, we
surmise that the major epimers of compounds 3a–d
(Table 1, entries 1–4), which give rise to a positive Dd
value, have an opposite configuration at Ca in compar-
ison with the major epimers of compounds 3e and 3f
(Table 1, entries 5 and 6). By the same token, com-
pounds 3g–i (Table 1, entries 7–9) derived from aro-
matic aldehydes present positive Dd value. Thus, we
assume that the opposite configuration on Ca is present
in compounds 3j and 3k (entries 10 and 11), in contrast
to compounds 3g–i. Such a crossover in stereoselectivity
due to the nature of the aldehyde, that is aromatic versus
aliphatic, was previously observed by Spilling and co-
workers when diamine B was used as a chiral auxiliary.3
Table 2. Comparative data of some diastereoisomeric carbinols using diamin

Entry Diamine Aldehyde d,a ppm majo

1 A Benzaldehyde 36.9/35.9

2 B Benzaldehyde 39.0/38.1

3 C Benzaldehyde 34.0/34.5

4 (1S,2S,10S,100S)-1 Benzaldehyde 36.3/34.7

5 (1R,2R,10S,100S)-1 Benzaldehyde 35.6/34.9

6 A Isovaleraldehyde 42.6/42.3

7 (1S,2S,10S,100S)-1 Isovaleraldehyde 37.6/39.8

8 (1R,2R,10S,100S)-1 Isovaleraldehyde 37.7/38.5

a 31P NMR spectra of the crude products were recorded in CDCl3.
b The configuration of the major diastereoisomer were reported.
Also, Kee and co-workers reported a crossover in
stereoselectivity due to contrasting steric requirements
on the aldehyde.4

We also observe that the diastereoselectivity is higher
when diamine all-S-1 reacts with aromatic aldehydes
(Table 1, entries 1–6), while the aliphatic aldehydes give
higher selectivities with diamine (1R,2R,10S,100S)-1 (Ta-
ble 1, entries 4 and 5). In order to assign the absolute
configuration from carbinols 3a–k, we were able to ob-
tain single crystals of one of the diastereoisomers from
a-hydroxyphosphonamides 3d,f and g, which were fully
characterized.7 The assignment of the actual absolute
configuration for these compounds, through the refine-
ment of a Flack parameter, allowed us to know the
configuration of the new stereogenic centre at the major
isomer formed (Table 1).8

Table 2 presents a comparison of the data reported in
the literature for some diastereoisomeric carbinols by
Spilling and co-workers3a (Table 2, entries 1, 2 and 6)
es A, B, C, (1S,2S,10S,100S)-1 and (1R,2R,10S,100S)-1 as chiral auxiliaries

r/minor Dd,a ppm Isomeric ratioa Conf.b Lit.

þ1:0 1.1:1 R 3a

þ0:9 25:1 S 3a

�0:5 1.8:1 –– 4

þ1:6 1.8:1 R

þ0:7 1.3:1 S

þ0:3 3.4:1 R 3a

�2:2 1.5:1 S

�0:8 2.6:1 R
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and Kee and co-workers4 (Table 2, entry 3) with our
results (Table 2, entries 4, 5, 7 and 8).

In conclusion, we obtain moderate diastereoselectivities
on the carbonyl phosphonylation of aldehydes using the
N,N0-bis-[(S)-a-phenylethyl]-bicyclic phosphorous acid
diamides 2 prepared from the (1S,2S,10S,100S)- and
(1R,2R,10S,100S)-trans-N,N0-bis[(S)-a-phenylethyl]-1,2-
diamino-cyclohexane 1. Contrary to our expectations,
the conformational preferences of the a-phenylethyl
group have no influence over the stereochemistry of the
newly generated a-stereocentre.
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