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ABSTRACT: A double asymmetric induction in
the synthesis of a-aminophosphonic acids is de-
scribed. It involves the nucleophilic addition of an-
ions of enantiomeric dimenthyl phosphites to both
(+)-(S)- and (-)-(R)-enantiomers of N-(p-tolylsul
finyl)benzaldimine and subsequent acidic hydroly-
sis of the adducts formed. The match and mis-
match effects were observed. © 2013 Wiley Periodi-
cals, Inc. Heteroatom Chem. 25:15-19, 2014; View
this article online at wileyonlinelibrary.com. DOI
10.1002/hc.21130

INTRODUCTION

Aminophosphonic acids (APs) are phosphorus ana-
logues of amino acids in which the planar carboxylic
group is replaced by a tetrahedral phosphonic acid
moiety. Because of the tetrahedral configuration at
phosphorus, APs mimic the unstable tetrahedral car-
bon intermediate formed in the enzyme-mediated
peptide bond cleavage and, therefore, act as enzyme
inhibitors. Many phosphonic analogues of protein
and nonprotein amino acids exhibit antibacterial,
anticancer, and antiviral properties as well as pestici-
dal, insecticidal, and herbicidal activities. Therefore,
selected APs have found commercial application in
medicine and agriculture [1-3].
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As the biological activity of APs strongly depends
on the absolute configuration of the stereogenic car-
bon atom bearing the amino group, the develop-
ment of general methods for the preparation of enan-
tiomeric APs has been a challenging task. One of
the simplest and effective methods of asymmetric
synthesis of optically active APs developed in our
laboratory is based on the nucleophilic addition of
phosphite anions or a-phosphonate carbanions to
enantiomeric N-sulfinylaldimines, and subsequent
hydrolysis of the adducts [4, 5].

This procedure proved to be versatile, and has
been later on used in the synthesis of a broad variety
of APs [6-8]. In addition to their ready availabil-
ity, enantiomerically pure sulfinimines [9, 10] con-
tain chiral, sulfinyl moiety as a powerful stereodi-
recting group inducing high diastereoselectivity and
an activated carbon-nitrogen double bond prone to
the attack of nucleophilic reagents. Some of such
additions lead to the formation of the single di-
astereomers of the adducts formed [11], others give
mixtures of diastereomeric adducts, which have to
be separated and effectively hydrolized to the free,
enantiomerically pure APs.

As a part of our efforts to improve the synthesis
of enantiopure APs by using the sulfinimine method-
ology, and especially the diastereoselectivity of the
addition reaction, we turned our attention to the pos-
sibility of a double asymmetric induction in the addi-
tion reaction, that is, the use not only of enantiopure
aldimines but also of enantiomeric phosphites.

The first example of such an asymmet-
ric induction in the addition reaction of (-)-O,
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FIGURE1 Structures of (-)-dimenthyl phosphite 1a and (+)-

dimenthyl phosphite 1b.
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FIGURE 2 The most stable conformations of (+)-(S)- and
(-)-(R)-sulfinimine 2a and 2b.

O-di-(1R,2S,5R)-menthyl phosphite to aldimine de-
rived from (R)-2-methylbenzylamine was described
by Kolodiazhnyi [12].

In this paper, we disclose our results on the dou-
ble asymmetric induction observed in the addition
reaction of lithium salts of enantiomeric dimenthyl
phosphites 1a and 1b to both enantiomers of N-(p-
tolylsulfinyl)benzaldimine 2.

RESULTS AND DISCUSSION

The starting (-)-dimenthyl phosphite 1a was ob-
tained for the first time by Milobedzki [13] in
1931 in the reaction of (-)-menthol and phospho-
rus trichloride and subsequent hydrolysis of dimen-
thyl chlorophosphite formed. Later on, this proce-
dure was successfully repeated by Kafarski [14] and
Balczewski [15], who reported its spectral data as
well as elemental analysis and optical rotation value.
According to the method mentioned above, we have

MentO\

obtained both enantiomeric (-)- and (+)-dimenthyl
phosphites 1a and 1b (Fig. 1) for which the spec-
tral data and the value of [«]p were consistent with
the literature [15]. The enantiomeric sulfinimines
(Fig. 2) were prepared according to the Davis proce-
dure from enantiomeric p-tolylsulfinamide and ben-
zaldehyde [9].

The addition reactions of 1 to 2 were carried out
according to the standard procedure. Thus, a solu-
tion of chiral sulfinimine (-)-2, (+)-2 in tetrahydro-
furan (THF) was dropwise added to the lithium salt
of (-)-1 or (+)-1 (generated from the correspond-
ing phosphite and LIHMDS in THF at -78°C under
nitrogen) and stirred for 4 h. After quenching the
reaction mixture with ammonium chloride at this
temperature, the adducts formed were isolated and
analyzed (Scheme 1). The results of the experiments
performed are presented in Table 1.

For the characterization of the products and
determination of the diastereoselectivity of the
addition reactions, the 'H and 3'P nuclear magnetic
resonance (NMR) spectra of the crude reaction mix-
tures were recorded. In all cases, in the addition re-
action of the anions of chiral dimenthyl phosphites
to the (-)-(S)- and (+4)-(R)-enantiomers of the N-
(p-tolylsulfinyl)benzaldimine, the 'H NMR spectra
showed only a singlet coming from methyl protons
of p-tolylsulfinyl group at 2.42 ppm and multiplet
due to the CH and NH protons at 4.66-4.77 ppm.

The 3'P NMR spectrum showed only one sin-
gle resonance signal for phosphorus coming from
the adduct 3a formed in the reaction of (+)-(S)-
sulfinimine 2a with (-)-phosphite 1a at § = 18.7 ppm
(entry 1). Similarly, for the adduct 3d obtained in
the addition reaction of (-)-(R)-sulfinimine 2b to
(+)-phosphite 1b, the phosphorus singlet at § =
18.5 ppm was observed (entry 4). On the other hand,
in the 3'P NMR spectrum of the reaction mixture of
(=)-(R)-sulfinimine 2b and (-)-phosphite 1a, two sig-
nals of phosphorus at § = 18.5 ppm (major) and § =
19.0 ppm (minor) in a ratio 92:8 were observed (en-
try 2). Two phosphorus signals in a ratio 91:9 (entry
3) at 19.1 ppm (major) and 19.3 ppm (minor) were
also visible in the 3'P NMR spectrum of the reaction
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Asymmetric addition of dimenthyl phosphites 1 to sulfinimines 2.
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TABLE 1 Addition of Chiral Dimenthyl Phosphites 1 to Chiral Sulfinimines 2
Entry Phosphite Sulfinimine Adduct 3 dr Yield of major 3 (%) a-Aps 4
1 ) 1a (+) 2a (SsRc)-3a:(SsSc)-3a’ 100:0 88 (+)-(R)
2 ) 1a ) 2b (Rs Sc)-3b:(Rs Ro)-3b’ 92:8 77 ()-(S)
3 (+) 1b (+) 2a (SsRc)-3c:(SsSc)-3¢’ 91:9 75 (+)-(R)
4 (+) 1b (-)2b (RsSc)-3d:(RsRc)-3d’ 100:0 86 (-)-(S)
HO\ (RsSc)-configuration to the major diastereomers of
1. HCIIA P Ph adducts 3 (entries 1, 3 and 2, 4).
s v N
R o £
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SCHEME 2 Hydrolysis of aminophosphonates 3.

mixture of (+)-(S)-sulfinimine 2a and (+)-phosphite
1b.

As it was discussed in our earlier papers [5, 8],
in the addition reactions of achiral phosphite an-
ions to (+)-(S)-sulfinimine, the signals of major di-
astereomeric adducts occurred in *'P NMR spectra
at the lower fields, whereas the signals of the minor
adducts lie at the higher one. The latter information
strongly suggested that the stereochemical outcome
of the addition of (-)- and (+)-enantiomers of phos-
phite 1 to the (4)-(S)-2 is the same and should lead to
the formation of the adducts 3 with (SsRc¢) configu-
ration (entries 1 and 3), and addition of (+)- and (-)-
phosphites 1 to the (-)-(R)- sulfinimine 2 should give
the (RsSc) adducts as the major products (entries 2
and 4). Finally, the stereochemistry of the addition
reaction of dimenthyl phosphites 1 to enantiomeric
sulfinimines 2 was confirmed by purification of the
adducts 3 (entries 1 and 4) and separation of the ma-
jor diastereomers of 3 (entries 2 and 3) using flash
chromatography and their acidic hydrolysis to the
free «-APs 4 for which the absolute configurations
are known [16] (Scheme 2).

Because, during the deprotection of the amino
function and phosphonate ester moiety the bonds
around the stereogenic a-carbon atom are not bro-
ken, and the fact that (+)-(R)- and (-)-(S)- «-APs 4
were obtained from adducts 3a or 3¢ and 3b or 3d,
respectively, it was possible to assign the (SsRc)- and
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In summary, we have demonstrated that in the
nucleophilic addition of chiral phosphite anions 1
to chiral N-(p-toluenesulfinyl)benzaldimine 2, the
enantiomers of (-)-1a and (+)-(S)-2a as well as of
(+)-1b and (-)-(R)-2b are the matched pairs of iso-
mers. The single diastereomers of the adducts 3
formed have opposite absolute configurations at the
newly formed stereogenic center of the a-carbon
atom. On the other hand, the enantiomers (-)-1a and
(=)-(R)-2b or (+)-1b and (+)-(S)-2a are the mismatch
pairs, and the diastereomeric ratio (dr) of the major
adducts are above 10:1. Also, in these cases, the new
stereogenic center at the a-carbon atom of major di-
astereomers formed possesses the opposite absolute
configurations.

In this paper, we have demonstrated that the
method of double asymmetric induction using
matched pairs of chiral phosphites 1 and enan-
tiomers of N-(p-tolylsulfinyl)benzaldimine 2 (1a and
2a or 1b and 2b) allows to obtain both enantiomer-
ically pure (+)-(R)- and (-)-(S)-a-aminobenzyl phos-
phonic acids 4 in good yields.

EXPERIMENTAL

Nuclear magnetic resonance spectra were recorded
on a Bruker 1C200 (Poznan, Poland) spectrometer
200 MHz. All optical rotation measurements were
carried out on a Perkin—Elmer MC 241 (Warsaw,
Poland) photopolarimeter at room temperature.
Progress of reactions was monitored by thin
layer chromatography (Merck Kisselgel 60,54). Col-
umn chromatography was conducted on a Merck
(Warsaw, Poland) silica gel (70-230 mesh).

General Procedure for the Addition of Lithium
Salt of Dimenthyl Phosphite 1 to Sulfinimines 2

Dimenthyl phosphite 1 (1.5 mmol) in THF (10 mL)
was cooled to -78°C and LiHMDS (1.5 mmol) in
THF (5 mL) was added. The reaction mixture was
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stirred for 1 h at this temperature and sulfin-
imine 2 (1.0 mmol) in THF (5 mL) was dropped.
After stirring for 4 h at —-78°C, the reaction mixture
was quenched with a water solution of ammonium
chloride and the organic layer was separated. The
aqueous layer was extracted with ethyl ether and
combined organic layers were dried over MgSO4
and evaporated. The product of reaction (the single
diastereomer or major diastereomer) was isolated
using flash chromatography (silica gel, petroleum
ether/ethyl ether 1:1, then ethyl ether).

(+)-Di-(1R,2S,5R)-menthyl(SsR¢)-1-phenyl-1-
(p-tolylsulfinylamino)-methanephosphonate 3a

[alp = +10,4 (2,24; CHCIl3), melting point (mp) =
145-146°C. 3'P NMR (CDCls): § 18.7; 'H NMR
(CDCl3): § 0.62-0.96 (m, 22H), 1.00-2.06 (m, 14H),
1.9-2.06 (m, 4H), 2.42 (s, 3H), 4.09-4.20 (m, 2H),
4.66-4.77 (m, 2H), 7.26-7.37 (m, 5H) 7.52-7.63
(m, 4H); '3C NMR (CDCl;): § 15.19, 15.46, 20.80,
21.20,21.71, 22.39, 22.45, 24.95, 25.04, 31.18, 31.40,
33.61, 33.71, 42.06, 43.21, and 48.26 (d, Jcp =
6,99Hz), 55.75 (d, J Pcp = 156.61Hz), 79.00 (d, Jcp
= 8,06Hz), 125.20, 128.07, 129.36, 133.64, 133.77,
141.35, and 141.59; HRMS calcd for C33Hs,04PSN
(M+H) 602,8208; found 602,34257.

(-)-Di-(1R,2S,5R)-menthyl (RsSc)-1-phenyl-1-
(p-tolylsulfinylamino)-methanephosphonate 3b

[a]p = -107,8 (1,29; CHCl;), oil. 3'P NMR (CDCl;):
8 18.5; 'H NMR (CDCls): 6 0.57 (d, J = 6,89Hz,
3H), 0.62 (d, J = 6,93Hz, 3H), 0.75-0.95 (m, 14H),
0.97-1.07 (m, 4H), 1.10-1.49 (m, 4H), 1.58-1.63
(m, 4H), 1.73-2.27 (m, 4H), 2.42 (s, 3H), 4.09-
4.20 (m, 2H), 4.66-4.71 (m, 1H), 4.76 (d, J = 2.93
Hz, 1H), 7.26-7.42 (m, 5H), 7.50-7.62 (m, 4H); 3C
NMR (CDCls): § 15.31, 15.73, 20.97, 21.35, 21.86,
22.60, 25.08, 31.49, 33.85, 43.05, 43.46, 48.41 (d,
Jep = 6,89Hz), 56.26 (d, Jep = 156,77 Hz), 78.59
(d, Jep = 8,38Hz), 125.20, 128.27, 129.54, 129.69,
133.80, 133.93, 141.59, 141.88; HRMS calcd. for:
C34H5,04,PSN (M+H) 602,8208, found 602,34268.

(+)-Di-(1S,2R, 5S)-menthyl (SsRc)-1-phenyl-1-
(p-tolylsulfinylamino)-methanephosphonate 3¢

[alp = +108,9 (0,71; CHCl3), mp = 44-46°C. 3'P
NMR (CDCl5): § 19.1; "H NMR (CDCl3): 6 0.57 (d, J =
6,90Hz, 3H), 0.69 (d, J = 6,9Hz, 3H), 0.78-0.86 (m,
14H), 0.91-1.17 (m, 4H), 1.18-1.35 (m, 4H), 1.58—
1.63 (m, 4H), 1.83-2.17 (m, 4H), 2.42 (s, 3H), 4.09—
4.21 (m, 2H), 4.67-4.71 (m, 1H), 4.76 (d, J = 2.91Hz,
1H), 7.29-7.42 (m, 5H), 7.51-7.63 (m, 4H); 13C NMR

(CDCls): 6 15.35, 15.77, 21.06, 21.39, 21.90, 22.65,
25.12, 31.53, 33.89, 43.10, 43.51, 48.45 (d, Jcp =
6,12Hz), 56.31 (d, Jcp = 156,91Hz), 78.64 (d, Jcp =
8,09Hz), 125.24, 128.30, 129.58, 133.98, 141.62;
HRMS calcd for C33Hs;O04PSN (M+H) 602,8208;
found 602,3422

(-)-Di-(1S,2R,5S)-menthyl (RsSc)-1-phenyl-1-
(p-tolylsulfinylamino)-methanephosphonate 3d

[alp = -10,3 (1,92; CHCl3), mp = 143-144°C. 3'P
NMR (CDCl;): 18.8; 'H NMR (CDCls): § 0.62-0.97
(m, 22H), 1.00-2.06 (m, 14H), 1.91-2.27 (m, 4H),
2.42 (s, 3H), 4.04-4.22 (m, 2H), 4.66-4.7 (m, 2H),
7.29-7.48 (m, 5H), 7.52-7.63 (m, 4H); 3C NMR
(CDCl3): § 15.31, 15.59, 20.92, 21.31, 21.82, 22.57,
25.06, 25.17, 31.30, 31.53, 33.73, 33.85,42.19, 43.34,
48.40 (d, Jcp = 6,09 Hz), 55.89 (d, Jcp = 156,7 Hz),
79.14 (d, Jcp = 7,96 Hz), 125.31, 128.21, 129.50,
129.56,129.71,133.73,133.86,141.49, 141.7, HRMS:
caled for C33Hs;04PSN (M+H) 602.8208; found
602,34200.

Hydrolysis of adducts 3 to a-APs 4

Adducts 3a or 3d (0.87mmol) were refluxed with HCI
(36%, 10 mL) for 6 h. After cooling to room temper-
ature, H,O (10 mL) was added and extracted with
CHCI; (3 x 5 mL). The water fraction was evapo-
rated, and EtOH (5 mL) was added and neutralized
with propylene oxide. The precipitate formed was
filtered off and washed with EtOH and diethyl ether
and dried over P,0s. The pure APs 4 was obtained
as a white crystaline solid: (+)-(R)-4 (0,115g, 72%),
[alp = +19.5 (¢ = 1.0, 1 M NaOH), mp 286-288°C.
(9)-(S)-4 (0.124g, 75%), [alp = -19.6(c = 1.07, 1M
NaOH), mp 285-288°C.
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