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Abstract

This report describes the reaction of N-(thio)phosphoryl imines with diethylzinc under different conditions. An interesting and distinct
chemoselectivity between hydrogen-addition and ethyl-addition to imine double bond is disclosed: in weakly polar solvent, e.g. toluene,
N-(thio)phosphoryl imines were exclusively reduced in excellent yields via a b-H transfer from diethylzinc to imine double bond; in polar
solvents like THF, the reduction product was competitively formed as a major product together with the minor product resulting from
ethyl-addition to imine double bond; in sharp contrast, in the presence of strong coordinative additive N,N,N 0,N 0-tetramethylethylenedi-
amine (TMEDA), the ethylation product was formed exclusively from the reaction of N-(thio)phosphoryl imine with diethylzinc. These
results are discussed and explained in terms of the coordination interactions between the imine, solvent, and additive with diethylzinc.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Asymmetric addition of imines is a convenient and prac-
tical method for the preparation of synthetic valuable
nitrogen-containing compounds, such as chiral amines,
1,2-diamines, and a- or b-amino acids. Recently, significant
progress has been witnessed in this area [1]. Imines with
electron-withdrawing groups, e.g. acyl, sulfonyl, aryl and
phosphoryl group, on the nitrogen have been intensively
investigated due to their enhanced reactivity. For example,
diphenylphosphinoylimines 1 have been successfully emp-
loyed as the substrates in many asymmetric reactions [2],
such as hydrogenation, alkylation, Mannich reaction,
aza-Henry reaction and Strecker reaction. The asymmetric
alkylation of 1 with diethylzinc could also be run smoothly
in the presence of chiral copper catalysts [3] or chiral 1,2-
aminoalcohols [4].
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We have noted that the N-phosphoryl group in phos-
phorylimines is an excellent imine auxiliary, because of its
activation of the C@N bond for nucleophilic addition
and its ease of deprotection from the final product under
mild acidic conditions. Also, introducing different substitu-
ents to phosphorus center could easily modulate its elec-
tronic properties. Therefore, we followed this successful
strategy to extend diphenylphosphinoylimines 1 to cheaper
and readily available O,O-diethyl phosphorylimine 2 and
its thio analogues 3. Herein, we report an interesting and
distinct chemoselectivity between hydrogen-addition and
ethyl-addition to imine double bond in the reaction of
N-(thio)phosphoryl imines and diethylzinc.
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2. Results and discussion

It was surprising that the reaction of 2 or 3 with dieth-
ylzinc in toluene exclusively afforded the corresponding
reduction product rather than the ethylation product. At
the same time, the by-product ethylene was detected and
confirmed in the reaction. This result revealed that modu-
lating of the substituents on the phosphorus atom in
N-phosphoryl imine might cause the total reversion of
the chemoselectivity in this reaction. Thus, different types
of N-(thio)phosphoryl imines were further synthesized,
and their reactions with diethylzinc in toluene were exten-
sively investigated with the results listed in Table 1.

As shown in Table 1, the reduction products were read-
ily obtained in high yields for those substrates containing
alkoxy or aryloxy group on phosphorus atom (imines 2,
3, 4, and 6). However, no reaction occurred when diphenyl-
(thio)phosphinoylimine 1(7) and bis(diethylamino)phos-
phorylimine 5 were employed as the substrate, respectively.
The variation of P@O double bond to P@S double bond
did not exhibit any considerable influence on the reaction
direction, except that better yield was observed for thio-
phosphorylimine 3a versus its oxygen analogue 2. The
starting material, O,O-diethyl phosphorochloridothioate,
for the preparation of thiophosphorylimine 3a is available
from the industrial source. Also, the existence of P@S dou-
ble bond made the thiophosphorylimine or its related inter-
mediate more stable against hydrolysis and heating. This
property of P@S double bond resulted in the ease of puri-
fication and high yields in the preparation of thiophospho-
rylimine. Thus, we chose N-thiophosphorylimine 3 as the
substrate to explore its reaction with diethylzinc. For all
selected substrates 3, the reduction products were obtained
in high yields from the reactions with diethylzinc in nonpo-
Table 1
Reactions of different phosphoryl imines with diethylzinc in toluenea

Tolu

20
N

H Ar

P
R

1

R
2 Et2Zn+

X

Entry Imine R1 R2 X

1 1 Ph Ph O
2 2 EtO EtO O
3 3a EtO EtO S
4 3b EtO EtO S
5 3c EtO EtO S
6 3d EtO EtO S
7 3e EtO EtO S
8 3f EtO EtO S
9 4 PhO PhO S

10 5 Et2N Et2N O
11 6 EtO Ph S
12 7 Ph Ph S

a All the reactions were carried out with a 1:4 molar ratio of imine substrat
b Isolated yield.
c NR means no reaction.
lar solvent toluene (entries 3–8, Table 1). The aryl group at
the carbon atom of imine double bond in 3 did not show
much influence on the reaction.

The influence of solvents on the reaction was also inves-
tigated employing imine 3a as the substrate. The results
(Table 2) showed that the polarity of solvent had a moder-
ate influence on the reaction, although the conversion of
the reaction was nearly 100% in all tested solvents. In
non-polar solvent toluene, the reduction product 9a exclu-
sively formed. However, in polar solvent like THF, chloro-
form, and ether, the reduction reaction took place
competitively with the ethylation reaction, although the
reduction product 9a was still obtained as the major with
the minor ethylation product 12a.

With these findings in hand, we supposed that the che-
moselectivity might be adjusted between the hydrogen-
reduction and ethylation of the imine double bond in the
reaction of imine 3 with diethylzinc by introducing appro-
priate additives to the reaction system. Thus, the reaction
of imine 3 and diethylzinc was surveyed in the presence
of different types of additives. The results were listed in
Table 3.

Introduction of coordinative additives proved to be a
successful strategy to promote the selectivity (stereo- or
chemo-) for the reaction of diphenylphosphinoylimine 1

with diethylzinc. For example, many chiral 1,2-aminoalco-
hols can catalyze or promote the ethylation reaction
between diphenylphosphinoylimine 1 and diethylzinc [4].
Thus, the reaction was first carried out in the presence of
chiral aminoalcohols 13 or 14. Almost quantitative reduc-
tion product 9a was isolated in cases of all specified molar
ratios of diethylzinc to chiral aminoalcohol used (entries
1–3, Table 3). Beresford has reported that cincho-
nidine could promote the addition of diethylzinc to diph-
ene
o

C
NH

Ar

P
R

1

R
2 +

X

Ar Time (h) Yield (%) of productsb

Ph 48 NRc

Ph 1 83 (8)
Ph 1 90 (9a)
4-MeOC6H4 0.5 >99 (9b)
2-ClC6H4 2 90 (9c)
4-BrC6H4 24 77 (9d)
3-FC6H4 12 86 (9e)
3-F3CC6H4 12 79 (9f)
Ph 12 83 (10)
Ph 48 NRb

Ph 6 83 (11)
Ph 48 NRb

e to diethylzinc.



Table 2
Reaction of imine 3a with diethylzinc in different solventsa

N

H Ph

P
EtO

Et2Zn+ NH

Ph

P
EtO

EtO EtO
S S

Solvent
20

o
C

3a 9a

+ NH

Ph

P
EtO
EtO

S

Et
12a

Solvent Toluene THF CH2Cl2 CHCl3 Et2O 1,4-
Dioxane

Conversion
(%)b

>99 >99 >99 >99 >99 >99

9a:12a 100:0 93:7 88:12 72:28
(70:30)c

88:12 83:17

a All the reactions were carried out in 1 mmol scale with a 1:4 molar
ratio of imine substrate to diethylzinc.

b Ratio determined by the 31P NMR spectra of the reaction mixture.
c Data in the parenthesis determined by GC–MS analysis.
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enylphosphinoylimine 1. The corresponding ethylated
products were obtained in good yields (56–77%) with mod-
erate to excellent enantioselectivity (56–93%) [4a,4d]. How-
ever, under the similar conditions, the reaction of imine 3a

with diethylzinc exclusively gave the reduction product
rather than the ethylation product 12 (entry 4). Further
increase of the molar ratio of cinchonidine to diethylzinc
to 3:3 made the reaction sluggish, and resulted in the for-
mation of a mixture of ethylation and reduction product
(entry 5). Contrarily, it was quite surprising that the use
of N,N,N 0,N 0-tetramethylethylenediamine (TMEDA) as
the additive led to the total reversion of the reaction orien-
tation. The corresponding ethylation products were
Table 3
Reaction of imine 3 with diethylzinc in the presence of different additivesa

N

H Ar

P
EtO

Et2Zn+EtO
S

Additive
Solvent, 20oC

3                                                    

Entry Additive Ar 3:Et2Zn:additive

1 13 Ph 1:4:1
2 13 Ph 1:3:3
3 14 Ph 1:3:3
4 Cinchonidine Ph 1:4:1
5 Cinchonidine Ph 1:3:3
6 TMEDA Ph 1:1.6:1.6
7 TMEDA Ph 1:1.6:1.6
8 TMEDA 2-ClC6H4 1:1.6:1.6
9 TMEDA 3-FC6H4 1:1.6:1.6

10 TMEDA 4-MeC6H4 1:1.6:1.6
11 TMEDA 3-MeOC6H4 1:1.6:1.6
12d 15 Ph 1:3:3
13 16 Ph 1:3:3

a All the reactions were conducted in toluene except for entry 7 which was c
b Determined by 31P NMR spectra.
c Isolated yield.
d The addition product was obtained with 28% ee. Determined by HPLC ana

min, retention time t1 = 6.97 min (major), t2 = 33.10 min (minor).
obtained as the dominant products (entries 6–11). The aryl
group in the substrate imine 3 has a margin influence on
this addition reaction. Imines substituted with electron-
withdrawing group (entries 8 and 9) exhibited higher reac-
tivity than those containing electron-donating group
(entries 10 and 11). Based on this result, chiral analogue
of TMEDA, cyclohexanediamine 15, was synthesized and
employed as the additive in this reaction. The ethylation
product was attained exclusively with the enantioselectivity
of 28% ee (entry 12). However, under the otherwise same
conditions the non-vicinal aromatic diamine 16 could not
promote the alkylation reaction. The reduction product
was still preferentially formed (entry 13).

N
Me OH

Ph
Ph

Me2N NMe2

NMe2

NMe2 

HO
NMe2

13 14 15 16

NO2

OH

Thus far, the exact mechanism of the reaction between
N-(thio)phosphoryl imine and diethylzinc remains unclear.
In terms of the coordination interactions among the imine,
diethylzinc, and additive, we herein try to propose a ratio-
nal mechanism to interpret above results. Since imine 3 has
both imine and ethoxy groups, and both N and O atoms
are r-electron donors, it could first coordinate with dieth-
ylzinc as a N,O-bidentate ligand. In non-polar solvent like
toluene, this coordination binding firmly holds the imine
and zinc species together, so that the b-hydrogen of ethyl
NH

Ar

P
EtO
EtO

S

                 9                               12

+ NH

Ar

P
EtO
EtO

S

Et

Time (h) Conversion/%b (Yield/%c) 9:12c

24 >99 100:0
36 >99 98:2
48 >99 100:0
24 >99 (90) 100:0
36 49 38:62
48 >99 (82) 4:96 (12a)
48 >99 (86) 7:93 (12a)
36 >99 (80) 0:100 (12b)
36 >99 (81) 0:100 (12c)
72 92 (75) 2:98 (12d)
72 90 (72) 4:96 (12e)
48 >99 (93) 0:100 (12a)
48 >99 91:9

arried out in THF.

lysis on an OD-H column, hexane: 2-propanol = 90:10, flow rate 1.0 mL/
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Fig. 1. Transition state for the b-hydrogen transfer process.
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group could be easily transferred onto the imine carbon
through a chair-like six-membered ring transition state,
affording the exclusive hydrogen-reduction product
together with the release of ethylene (Fig. 1). When the
reaction is carried out in polar solvent, the coordination
or solvation of the solvent with diethylzinc weakens the
coordination interaction between diethylzinc and imine.
Thus the ethylated product could be competitively formed
(see Table 2). When TMEDA, which has proven to be a
strong coordinating ligand to Zn2+ ion [5], is employed,
then diethylzinc would preferentially coordinate with such
an additive, and its interaction with the imine would be
replaced or destroyed. The separation of the imine with
diethylzinc would hinder the b-hydrogen transfer through
a chair-like six-membered ring transition state (Fig. 1),
but favors the nucleophilic attack of diethylzinc as an ethy-
lating agent at the imine double bond. As the result, the
ethylated product was formed dominantly in the presence
of TMEDA (see Table 3). The fact that the ethylated prod-
uct was obtained exclusively with an enantioselectivity of
28% ee in the presence of chiral TMEDA analogue 15 does
provide a solid support for the coordination interaction
between the additive and diethylzinc.

In conclusion, we demonstrate a quite distinct chemose-
lectivity in the reaction of O,O-diethyl thiophosphorylimine
with diethylzinc. Under different conditions, the hydrogen
reduction product or ethylation product could be selectively
and exclusively obtained. The determining factor for this
chemoselectivity presumably originates from the coordina-
tion interactions between the imine, solvent, and additive
with diethylzinc. These findings provide some helpful
insights for the reactions of imines with diethylzinc. Further
investigation on the asymmetric ethylation of O,O-diethyl
thiophosphorylimines with diethylzinc under the promotion
of strongly coordinative chiral additives is ongoing in our
laboratory.

3. Experimental

3.1. General methods

1H and 31P NMR spectra were recorded in CDCl3 on a
Varian 400 instrumental using TMS as an internal stan-
dard for 1H NMR and 85% H3PO4 as an external standard
for 31P NMR. Enantiomeric excesses were determined on a
HP-1100 instrument (OD-H column; mobile phase: hex-
ane/i-PrOH). Elemental analyses were conducted on a
Yanaco CHN Corder MT-3 automatic analyzer. Melting
points were determined on a T-4 melting point apparatus.
All temperatures and pressures were uncorrected. All of
the solvent was dried according to the standard method
and used after fresh distillation. N-(Thio)phosphoryl imi-
nes were prepared according to the literature method [6].

3.2. Reaction of N-(thio)phosphoryl imines with diethylzinc

(general procedure)

To a solution of N-(thio)phosphoryl imine (1 mmol) in
toluene (3 mL) was added diethylzinc (4 mL, 1 M solution
in n-hexane) under an argon atmosphere. The resulting
mixture was then stirred at 20 �C until the disappearance
of N-(thio)phosphoryl imine (monitored by 31P NMR).
The reaction was quenched with the addition of saturated
aqueous ammonium chloride and stirred for 0.5 h. After
phase separation, the aqueous layer was extracted with
ethyl acetate (3 · 5 mL). The combined organic phase
was dried over anhydrous sodium sulfate. After removal
of solvent the crude product was purified by column chro-
matography on silica gel (200–300 meshes, gradient eluted
with petroleum ether and ethyl acetate).

For 8: Colourless oil, 83% yield, 31P NMR (d, CDCl3):
9.58; 1H NMR (d, CDCl3): 1.31 (t, 6H, JH–H = 7.2 Hz,
2CH3), 2.98 (br., 1H, NH), 3.99–4.11 (m, 6H, 3CH2),
7.24–7.36 (m, 5H arom). Anal. Calc. for C11H18NO3P: C,
54.31; H, 7.46; N, 5.76. Found: C, 54.19; H, 7.38; N, 5.62%.

For 9a: Pale yellow oil, 90% yield, 31P NMR (d, CDCl3):
72.20; 1H NMR (d, CDCl3): 1.30 (t, 6H, JH–H = 7.2 Hz,
2CH3), 3.31 (br., 1H, NH), 3.96–4.14 (m, 6H, 3CH2),
7.25–7.35 (m, 5H arom). Anal. Calc. for C11H18NO2PS:
C, 50.95; H, 7.00; N, 5.40. Found: C, 50.93; H, 6.89; N,
5.34%.

For 9b: Pale yellow oil, >99% yield, 31P NMR
(d, CDCl3): 72.35; 1H NMR (d, CDCl3): 1.19 (t, 6H,
JH–H = 7.2 Hz, 2CH3), 3.63 (br., 1H, NH), 3.75 (s, 3H,
OCH3), 3.79–3.85 (m, 2H, CH2), 3.93–4.02 (m, 4H, CH2),
6.77–6.84 (m, 2H arom), 7.15–7.20 (m, 2H arom). Anal.
Calc. for C12H20NO3PS: C, 49.81; H, 6.97; N, 4.84. Found:
C, 49.67; H, 6.86; N, 4.79%.

For 9c: Pale yellow oil, 90% yield, 31P NMR (d, CDCl3):
72.39; 1H NMR (d, CDCl3): 1.24 (t, 3H, JH–H = 7.2 Hz,
CH3), 1.25 (t, 3H, JH–H = 7.2 Hz, CH3), 3.53 (br., 1H,
NH), 3.90–3.95 (m, 2H, CH2), 4.01–4.07 (m, 2H, CH2),
4.18–4.22 (m, 2H, CH2), 7.20–7.25 (m, 2H arom),
7.32–7.34 (m, 1H arom), 7.40–7.42 (m, 1H arom). Anal.
Calc. for C11H17ClNO2PS: C, 44.97; H, 5.83; N, 4.77.
Found: C, 44.85; H, 5.66; N, 4.38%.

For 9d: Pale yellow oil, 77% yield, 31P NMR (d, CDCl3):
72.40; 1H NMR (d, CDCl3): 1.28 (t, 6H, JH–H = 7.2 Hz,
2CH3), 3.33 (br., 1H, NH), 3.94–4.12 (m, 6H, 3CH2),
7.17–7.19 (d, 2H arom, JH–H = 8.0 Hz), 7.42–7.44 (d, 2H
arom, JH–H = 8.0 Hz). Anal. Calc. for C11H17BrNO2PS:
C, 39.06; H, 5.07; N, 4.14. Found: C, 38.96; H, 5.05; N,
4.14%.

For 9e: Pale yellow oil, 86% yield, 31P NMR (d, CDCl3):
72.42; 1H NMR (d, CDCl3): 1.30 (t, 6H, JH–H = 7.2 Hz,
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2CH3), 3.29 (br., 1H, NH), 3.99–4.16 (m, 6H, 3CH2), 6.93–
7.09 (m, 3H arom), 7.26–7.32 (m, 1H arom). Anal. Calc.
for C11H17FNO2PS: C, 47.64; H, 6.18; N, 5.05. Found:
C, 47.53; H, 6.24; N, 4.96%.

For 9f: Pale yellow oil, 79% yield, 31P NMR (d, CDCl3):
72.42; 1H NMR (d, CDCl3): 1.26 (t, 6H, JH–H = 7.2 Hz,
2CH3), 3.52 (t, 1H, JH–H = 6.8 Hz, NH), 3.93–4.09 (m,
4H, 2CH2) 4.19 (dd, 2H, JH–H = 7.2 Hz, JP–H = 12.0 Hz,
CH2), 7.42–7.44 (t, 1H arom, JH–H = 7.6 Hz), 7.49–7.51
(d, 2H arom, JH–H = 7.6 Hz), 7.58 (s, 1H arom). Anal.
Calc. for C12H17F3NO2PS: C, 44.03; H, 5.24; N, 4.28.
Found: C, 44.06; H, 4.81; N, 4.31%.

For 10: Pale yellow oil, 80% yield, 31P NMR (d, CDCl3):
63.96; 1H NMR (d, CDCl3): 3.68 (br., 1H, NH), 4.11 (d,
2H, JH–H = 9.2 Hz, CH2), 7.16–7.36 (m, 15H arom). Anal.
Calc. for C19H18NO2PS: C, 64.21; H, 5.11; N, 3.94. Found:
C, 64.03; H, 5.14; N, 3.74%.

For 11: Pale yellow oil, 83% yield, 31P NMR (d, CDCl3):
70.88; 1H NMR (d, CDCl3): 1.34 (t, 3H, JH–H = 7.2 Hz,
CH3), 3.39 (br., 1H, NH), 3.99–4.07 (m, 3H, CH2, H-
CH), 4.17–4.25 (m, 1H, H-CH–), 7.21–7.31 (m, 5H arom),
7.43–7.51 (m, 3H arom), 7.87–7.92 (m, 2H arom). Anal.
Calc. for C15H18NOPS: C, 61.83; H, 6.23; N, 4.81. Found:
C, 61.81; H, 6.28; N, 4.79%.

3.3. Reaction of O,O-diethyl thiophosphorylimine 3 with

diethylzinc in the presence of additives (general procedure)

To a solution of additive (3.2–6.0 mmol, as depicted in
Table 3) in solvent (10 mL) was added diethylzinc
(3.2–8.0 mmol, as depicted in Table 3, 1 M solution in
n-hexane) under an argon atmosphere and the resulting
mixture was stirred for 15 min. Then O,O-diethyl thiophos-
phorylimine 3 (2 mmol) was added and the reaction mix-
ture was stirred at 20 �C for 24–72 h. The reaction was
quenched with the addition of saturated ammonium chlo-
ride solution. After phase separation, the aqueous layer
was extracted with ethyl acetate (3 · 5 mL). The combined
organic phase was dried over anhydrous sodium sulfate.
After removal of solvent the crude product was used
directly to determine the conversion and the ratio of the
reducing product to the ethylation product through 31P
NMR analysis. In some cases, the crude product was fur-
ther purified by column chromatography on silica gel
(200–300 meshes, gradient eluted with petroleum ether
and ethyl acetate).

For 12a: Pale yellow oil, 83% yield, 31P NMR (d,
CDCl3): 70.89; 1H NMR (d, CDCl3): 0.85 (t, 3H, JH–H =
7.2 Hz, CH3), 0.99 (t, 3H, JH–H = 7.2 Hz, CH3), 1.30
(t, 3H, JH–H = 7.2 Hz, CH3), 1.70–1.80 (m, 2H, CH2),
3.35–3.54 (m, 2H, CH, NH), 3.83–4.16 (m, 4H, 2CH2),
7.23–7.33 (m, 5H arom). Anal. Calc. for C13H22NO2PS:
C, 54.33; H, 7.72; N, 4.87. Found: C, 54.69; H, 7.51; N,
4.86%.

For 12b: White solid, m.p. 43–45 �C, 80% yield, 31P
NMR (d, CDCl3): 70.48; 1H NMR (d, CDCl3): 0.91 (t,
3H, JH–H = 7.2 Hz, CH3), 0.96 (t, 3H, JH–H = 7.2 Hz,
CH3), 1.31 (t, 3H, JH–H = 6.8 Hz, CH3), 1.69–1.79 (m,
2H, CH2), 3.47–3.54 (m, 1H, one proton of CH2), 3.59
(br. 1H, NH), 3.84–4.09 (m, 3H, CH2 and one proton of
CH2), 4.61–4.63 (m, 1H, CH), 7.17–7.33 (m, 4H arom).
Anal. Calc. for C13H21ClNO2PS: C, 48.52; H, 6.58; N,
4.35. Found: C, 48.69; H, 6.45; N, 4.73%.

For 12c: Pale yellow oil, 81% yield, 31P NMR
(d, CDCl3): 70.43; 1H NMR (d, CDCl3): 0.87 (t, 3H,
JH–H = 7.2 Hz, CH3), 1.03 (t, 3H, JH–H = 7.2 Hz, CH3),
1.30 (t, 3H, JH–H = 6.8 Hz, CH3), 1.68–1.80 (m, 2H,
CH2), 3.38 (br., 1H, NH), 3.53–3.63 (m, 1H, CH),
3.89–4.18 (m, 4H, 2CH2), 6.92–7.31 (m, 4H arom). Anal.
Calc. for C13H21FNO2PS: C, 51.13; H, 6.93; N, 4.59.
Found: C, 51.32; H, 6.74; N, 4. 68%.

For 12d: Pale yellow oil, 75% yield, 31P NMR (d,
CDCl3): 71.08; 1H NMR (d, CDCl3): 0.85 (t, 3H,
JH–H = 7.2 Hz, CH3), 1.01 (t, 3H, JH–H = 7.2 Hz, CH3),
1.30 (t, 3H, JH–H = 7.2 Hz, CH3), 1.66–1.78 (m, 2H,
CH2), 2.32 (s, 3H, CH3), 3.48 (br., 1H, NH), 3.43–3.52
(m, 1H, CH), 3.91–4.22 (m, 4H, 2CH2), 7.32 (d, 2H arom,
JH–H = 8.0 Hz), 7.96 (d, 2H arom, JH–H = 8.0 Hz). Anal.
Calc. for C14H24NO2PS: C, 55.79; H, 8.03; N, 4.65. Found:
C, 55.58; H, 7.87; N, 4.81%.

For 12e: Pale yellow oil, 72% yield, 31P NMR (d,
CDCl3): 71.11; 1H NMR (d, CDCl3): 0.86 (t, 3H,
JH–H = 7.2 Hz, CH3), 0.99 (t, 3H, JH–H = 7.2 Hz, CH3),
1.29 (t, 3H, JH–H = 6.8 Hz, CH3), 1.69–1.78 (m, 2H,
CH2), 3.41 (br., 1H, NH), 3.45–3.61 (m, 1H, CH), 3.80
(s, 3H, OCH3), 3.89–4.17 (m, 4H, 2CH2), 6.79–7.25 (m,
4H arom). Anal. Calc. for C14H24NO3PS: C, 52.98; H,
7.62; N, 4.41. Found: C, 53.02; H, 7.43; N, 4.36%.
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