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Abstract: This work reports a novel method for thieect aminophosphonylation of
aldehydes catalyzed by cyclopentadienyl ruthenim@omplexes. The system
HP(O)(OEtY/[CpRu(PPR).Cl] was very efficient for the aminophosphonylatio

aldehydes with primary and secondary amines, piaduthe corresponding-

aminophosphonates in good to excellent yields. Tmisel method has several
advantages including the use of a small amount athlgst (0.5 mol%), high
chemoselectivity, solvent-free conditions and amilon of the catalyst

[CpRu(PPR).CI] for at least 12 cycles with excellent activity.

Keywords: aminophosphonylation, aldehydes-aminophosphonates, ruthenium
complexes

1.Introduction

a-Aminophosphonates angtaminophosphonic acidlsre structurally analogous to
amino acids and constitute an important class ofippunds with diverse biological
activities and potential to be employed as enzymigibitors?>* antibiotics’ and
antitumor agent3® They also have a wide range of antivirahd antifungal properties
and are extensively used as insecticides and haebfc Thus, a number of methods
have been developed for the synthesis-aminophosphonates both in racemic and in
optically active forms’™® Among the available synthetic methods far-
aminophosphonates, the three-component reacti@dehyde, amine, and phosphite,
also known as Kabachnik—Fields reaction, has gamech attention due to its one-pot
manner and convenience of synthesis of these comisdtr'’ Different catalysts have

been employed for the synthesis @faminophosphonates including SpeH,O,*®
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ZnBr,,*° HfCl4,? lanthanide triflaté’ Yb(PFO},?* Smb,?® TaCk,?* Cd(CIQy)»xH,0,%°
BiCl3,%° LiClO4,%" FeCE?® or MoO,Cl.?° In the last years, several methods for the
synthesis of a-aminophosphonates have also been developed usingpwaves
radiations®®3*However, the use of ruthenium complexes as cagfgstthe synthesis
of a-aminophosphonates has never been studied. Inwiiik we reported the first
method for the synthesis at-aminophosphonates with high yields catalyzed by

cyclopentadienyl ruthenium(ll) complexes.

2.Results and discussion

The catalytic activity of several cyclopentadienythenium(ll) complexes was
evaluated in the aminophosphonylation of 4-(metig)benzaldehyde with aniline and
HP(O)(OEt) under solvent-free conditions in air atmosphew(& 1). All the catalysts
were very efficient, producing the-aminophosphonate in excellent yields. The best
result (95%) was obtained in the presence of 0.Bmud [CpRu(PPR).Cl] after 15 min
(Table 1, entry 1). Using 0.25 mol% of this catalyge reaction required 1h and tie
aminophosphonate was isolated in only 51% vyieldbl@dl, entry 2). The reaction
carried out at room temperature afforded the prootucnly 42% yield after 24 h (Table
1, entry 3). The catalysts [CpRu(RKA,2-bipy)][PFs] 2, [CpRu(dppe)Cl]3 and
[CpRu(PPB)(phen)][PRk] 4 were also very efficient, giving excellent yield$ o-
aminophosphonate (Table 1, entries 4-6). The m@axttarried out with the complexes
containing a carbohydrate moiety derived from xgland fructose also produced
excellent yields of the product (Table 1, entrieand 8). Finally, in the absence of
catalyst only 19% of product was obtained after(Tdble 1, entry 9).
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Fig. 1. Structure of catalysts-6.



Tablel
Direct aminophosphonylation of aldehydes catalyme@€pRu(ll) complexes

NS
(0]
H o NH, CpRu(ll) complexes, HP(O)(OEt), P(OEY),
©/ solvent free conditions I}
H,CS H,CS 0

Catalyst Temp. (°C) Yield
Entry Catalyst Ti b

(mol%) Qc (%)
1 [CpRu(PPKLCI] 1 0.5 80 15 min 95
2 [CpRu(PPKLCI] 1 0.25 80 1h 51
3 [CpRu(PPKLCI] 1 0.5 r.t. 24 h 42
4 [CpRuU(PPK)(2,2-bipy)][PFe] 2 0.5 80 30 min 94
5 [CpRu(dppe)CIB 0.5 80 40 min 93
6 [CpRu(PPR(phen)][PF] 4 0.5 80 50 min 91
7 [CpRuU(PPH(NCXylAC)|[PF¢] 5 0.5 80 40 min 95
8 [CpRu(PPH)(Fru)][PF] 6 0.5 80 20 min 92
9 Without catalyst - 80 1lh 19

2 All reactions were carried out with 2.0 mmol of methylthio)benzaldehyde, 2.0 mmol of aniline and
2.0 mmol of HP(O)(OE})

®|solated yields

Aminophosphonylation of 4-(methylthio)benzaldehydé aniline catalyzed by
[CpRu(PPR).CI] (0.5 mol%) was investigated with the H-phospaims HP(O)(OE%)
HP(O)(OMe}, HP(O)(OBu) and HP(O)(OPh)under solvent-free conditions at 80 °C
in air atmosphere (Table 2). Although all H-phospdtes afforded thea-
aminophosphates in excellent yields, the reactigh WP(O)(OEt) was much faster,
requiring only 15 minutes (Table 2, entry 1). Imtrast, the reaction performed with
HP(O)(OPh) needed 24 h to be completed (Table 2, entry 4).



Table2
Direct aminophosphonylation of 4-(methylthio)beniedlyde with aniline catalyzed by

[CpRu(PPHK).CI] using different HP(O)(OR}
HN/©

(0]
J@)LH . ©/NH2 [CPRu(PPh),Cl] (0.5 mol%), HP(O)(OR), /@/%(orz»
solvent free conditions, 80 °C I
HaCS H,CS 0O

Entry HP(O)(OR) Product Time Yield (%)°
1 HP(O)(OEt) " 15 min 95
Qﬁﬁ(%%
HsCS 0
2 HP(0)(OMe) B\ 25 min 94
@IT(OMe)z
HsCS Y
3 HP(0)(OBu) Y 1h 94
@IW(OBU)Z
HsCS Y
4 HP(O)(OPh " 24 h 94

3

IFI‘(OPh)z

HsCS 0

#The reactions were carried out with 2.0 mmol ofethylthio)benzaldehyde, 2.0 mmol
aniline and 2.0 mmol of HP(O)(OR)
®|solated yields.

To evaluate the efficiency of the system HP(O)(@EIpRu(PPh).CI] (0.5
mol%), it was tested in the direct aminophosphadiyteof a large variety of aldehydes
with aniline under solvent-free conditions at 80 i#Cair atmosphere (Table 3). In
general, the reactions were very fast, affordiregdbrresponding-aminophosphonates
in good to excellent yields, with high chemoselatyi tolerating several functional
groups such as -OGHSCH;, -F, -Br, -CF, -OH, -CQR, and heterocyclic or Cp rings.



Table3
Direct aminophosphonylation of aldehydes with the ystam

HP(O)(OEtY/[CpRu(PPh).Cl1*
: O

NHy  [CpRu(PPhs),Cl] (0.5 mol%), HP(O)(OEt) HN
)kH . ©/ 3)2 ) 2 /k

solvent free conditions, 80 °C R IFI’(OEt)z

R

Entry  Aldehyde Product Time Yield (%)

1 Q)LH HN@ 20 min 97
HaCO /©)\||T(0Et)2
HsCO o
lll’(OEt)z
o

H,CS

15 min 95

Q HN : .
3 Q)(H @ 35 min 95
P(OEY),
F . 8

: e
H
4 @A P(OE, 30 min 95

Fe | le}

< &

0 g
HN

H
5 choﬁ YQ/H'T(OE”Z 30 min 94
H,CO 3

(0]

e HN :

6 . 20 min 92
IFI’(OEt)z
HO HO o

OCH,

2 HN©
SE

0]

20 min 91




0 0
HN
8 H 40 min 80
o e
FsC FsC 0
0 Q)
HN
9 Q)LH 2h 75
P(OEt),
Br U

Br 0

0 g
10 o L, o 15h 08
L wlﬁ(OEt)z
(6]

4The reactions were carried out with 2.0 mmol okalgtle, 2.0 mmol aniline and 2.0 mmol
of HP(O)(OEY)
Plsolated yields.

Direct aminophosphonylation of 4-(methylthio)bemelyde was also explored
using different anilines containing electron-damgitand electron-withdrawing groups
with the system HP(O)(OE)CpRu(PPh).Cl] (0.5 mol%) producing the

correspondinga-aminophosphonates in excellent yields (Table 4).

Table4
Direct aminophosphonylation of 4-(methylthio)bemzdlyde with different anilines

using the system HP(O)(OE{CpRu(PPh).Cl]*
G
HN

0
H L _~_NHz  [CpRu(PPh;),CI] (0.5 mol%), HP(O)(OEt), P(OE),
R | solvent free conditions, 80 °C o
H,CS H3CS
Entry  Aniline Product Time Yield (%)b

/©/OCH3
1 NH, HN 10 min 99
Q @P(OEt)z
MeO I}

H,CS o
e |
2 NH, 15 min 95
©/ @ P(OEY,

H,CS o




F
NH, Q
Q HN
F

IIT’(OEt)z

15 min 95

HsCS o

OBr
4 NH, HN 30 min 75
O @P(OEt)z
Br |l

H,;CS o

HO
OH ]@ 1h 30 min 85
o

HsCS 0

The reactions were carried out with 2.0 mmol ofethylthio)benzaldehyde, 2.0 mmol
aniline and 2.0 mmol of HP(O)(OEt)
Psolated yields.

Finally, the direct aminophosphonylation of differ@ldehydes using methi-
aniline with the system HP(O)(OE{CpRu(PPR).Cl] (0.5 mol%) was studied,

obtaining the corresponding tertiamyaminophosphonates in good to excellent yields.

Table5

Direct aminophosphonylation of aldehydes with metihaniline using the system

HP(O)(OEt/[CpRu(PPh),CI]*
Hsc\N/©

(0]
H
N [CpRu(PPh3),Cl] (0.5 mol%), HP(O)(OEt),
CH P(OEt
/©/U\H (r ©/ s solvent free conditions, 80 °C ||( )2
R R (0]

Entry Aldehyde Product Time (h) Yield (%)°

1 H 2 94
HiCS f(OF02
° HsCS 0
P(OEY);
F F o)




3 2.5 70

®The reactions were carried out with 2.0 mmol okalgtle, 2.0 mmol methyaniline and 2.0 mmol of
HP(O)(OEt).
P|solated yields.

To study the possible use of the complex [CpRug2El (0.5 mol%) as
catalyst in multiple cycles, successive reactioesevcarried out by sequential addition
of fresh substrate 4-(methylthio)benzaldehyde,irmmiand HP(O)(OEf)to the reaction
mixture. The results showed that [CpRu(BEEBI] can be used for at least 12 catalytic

o HN’ :
NH, [CpRu(PPh3),Cl] (0.5 mol%), HP(O)(OEt),
H P(OE),
+ solvent free conditions, 80 °C, 15 min 1
H3;CS fo)

HsCS

cycles with excellent yields (Figure 2).

1 2 3 4 5 6 7 8 9 10 11 12
Catalytic cycle

Fig 2. Use of the complex [CpRu(PRCI] as catalyst in multiple cycles. The reactiorexevcarried out
by successive addition of 4-(methylthio)benzaldehytl mmol), aniline (1 mmol) and HP(O)(OE(R
mmol). Yields were determined By NMR spectroscopy, using mesitylene as an intestaaidard.



Aminophosphonylation of aldehydes catalyzed by ayehtadienyl ruthenium
complexes should start with the formation of theinenby reaction between the
aldehyde and aniline. Then, the activation of thghdsphonate by the catalyst
[CpRu(PPR).CI] should occur, producing the species [CpRu@®PO)(OED],
detected by mass spectrometry. Finally, the readigiween this species and the imine

lead to the formation af-aminophosphonate.

3.Conclusions

In this work it has been demonstrated that theesystP(O)(OEY[CpRu(PPh).Cl]
(0.5 mol%) is very efficient for the aminophosphtatipn of a large variety of
aldehydes with different anilines under solvenefoenditions. This is the first example
of aminophosphonylation of aldehydes catalyzed bytlaenium complex. This method
is highly chemoselective, tolerating a large raafyunctional groups including -SGH
-OCHg, -F, -Br, -Chk, -OH, CQCHs, and heterocyclic or Cp rings.

The reactions were performed with a small amountadélyst (0.5 mol%), with high
yields and short reaction times, and the complegR@PPR).CI] can be used for at
least 12 cycles with excellent activity. This wodktends the use of CpRu(ll)

complexes as efficient catalysts for C-P bond fogreactions.

4 . Experimental Section

4.1 General information

Aldehydes, anilines and H-phosphonates were olatdinoen commercial suppliers and
were used without further purification. The catédys [CpRu(PP¥).Cl],*
[CPRu(PPB)(2,2-bipy)][PF],**  [CpRu(dppe)CI®>  [CpRu(PPB)(phen)][PR]*’
[CPRU(PPR)(NCXyYIAC)][PFe,® and [CpRu(PP(Fru)][PR]*° were prepared
according to literature procedures. Flash chromafdyy was performed on MN
Kieselgel 60M 230-400 mestH NMR, **C NMR and*'P NMR spectra were measured
on a Bruker Avance 11400 MHz and 300 MHz spectrometers. Chemical slaifts
reported in parts per million (ppm) downfield fraan internal standard. Microanalyses
were performed at Laboratorio de Anélises do laiiSuperior Técnico, using a Fisons
Instruments EA1108 system and data acquisitiotegration and handling were
performed using the software package Eager{Zi¥¥lo Erba Instruments).



4.2. General Procedure for Direct Aminophosphonylation of Aldehydes with
HP(O)(OEt),/[CpRu(PPhs).Cl]

The mixture of aldehyde (2 mmol), aniline (2 mmaitd [CpRu(PP#).Cl] (0.5 mol%,
0.073 g) was stirred during 5 minutes at room tematpee. To this mixture was added
HP(O)(OEt} (2.0 mmol, 0.26 mL) and the reaction mixture wtsexd at 80 °C under
air atmosphere (the reaction times are indicatedahles 3-5). The progress of the
reaction was monitored by TLC arftf NMR spectroscopy. When the reaction is
complete, water (3.0 mL) was added and the mixuae stirred at 80 °C. After 1 hour,
the reaction mixture was cooled to ambient tempeeadnd extracted with ethyl acetate
(2x10.0 mL). The combined organic layers were dogdr NaSQ,, filtered and the
solvent removed under reduced pressure. The residas purified by flash
chromatography witm-hexane:ethyl acetate (3:1) to afford traminophosphonates,

which are known compound&?*?’

4.3. NMR characterization of products

Table 2, entry 1: Beige solid*H NMR (CDCk, 400 MHz)§ 7.38 (d,J = 8.0 Hz, 2H,
H-arom), 7.20 (dJ = 8.0 Hz, 2H, H-arom), 7.09 (@,= 8.0 Hz, 2H, H-arom), 6.68 (t,
J =8.0 Hz, 1H, H-arom), 6.58 (d,= 8.0 Hz, 2H, H-arom), 4.98 (s, 1H, NH), 4.75 (d,
J = 24.0 Hz, 1H, CH), 4.17-4.06 (m, 2H, O&EH3), 3.99-3.93 (m, 1H, OCKTH3),
3.77-3.71 (m, 1H, OCHCHs), 2.43 (s, 3H, SCk, 1.27 (t,J = 4.0, 8.0 Hz, 3H,
OCH,CH), 1.14 (t,J = 8.0 Hz, 3H, OCHKCHs) ppm.**C NMR (101 MHz, CDG) §
146.29 (dJ = 15.15 Hz, Cq), 138.26 (d,= 4.04 Hz,_Cq), 132.65 (d,= 3.03 Hz, Cq),
129.21 (s,_CH-arom), 128.34 (d,= 6.06 Hz, CH-arom), 126.61 (d,= 3.03 Hz,
CH-arom), 118.52 (s, CH-arom), 113.94 (s, CH-aro63.43 (t,J = 6.06, 7.07 Hz,
OCH,CHj3), 55.66 (dJ = 152.51 Hz, CH), 16.47 (d,= 6.06 Hz, OCHCHz), 16.28 (d,

J = 6.06 Hz, OCHCHs), 15.67 (s, SCE ppm.>P NMR (162 MHz, CDGJ) 5 22.77
ppm. Anal. Calcd. for gH.sNOsPS: C, 59.16; H, 6.62; N, 3.83. Found: C, 59.07; H,
6.50; N, 3.69.

Table 2, entry 2: Beige solid*H NMR (CDCk, 400 MHz)& 7.41 (d,J = 8.0 Hz, 2H,
H-arom), 7.24 (dJ = 8.0 Hz, 2H, H-arom), 7.14 (@, = 8.0 Hz, 2H, H-arom), 6.74 (t,
J=4.0, 8.0 Hz, 1H, H-arom), 6.61 (@= 8.0 Hz, 2H, H-arom), 4.79 (d,= 20.0 Hz,
2H, NH, CH), 3.80 (dJ = 12.0 Hz, 3H, OCBh), 3.55 (d,J = 8.0 Hz, 3H, OCH), 2.48 (s,
3H, SCH) ppm.**C NMR (101 MHz, CDGJ) § 146.9 (d,J = 15.15 Hz, Cq), 138.55 (d,
J=4.04 Hz,_Cq), 132.39 (d,= 3.03 Hz, Cq), 129.32 (s, CH-arom), 128.32)(¢,5.05

10



Hz, CH-arom), 126,72 (d = 2.02 Hz, CH-arom), 118.77 (s, CH-arom), 114.61 (
CH-arom), 55.36 (dJ = 152.51 Hz,_CH), 53.99 (dl = 4.04 Hz, OCH), 53.92 (d,
J = 4.04 Hz, OCH), 15.67 (s, SCk ppm.*'P NMR (162 MHz, CDGJ) & 25.22 ppm.
Anal. Calcd. for GgH20NO3PS: C, 56.96; H, 5.98; N, 4.15. Found: C, 56.795183; N,
4.01.

Table 2, entry 3: Beige solid*H NMR (CDCk, 400 MHz)§ 7.38 (d,J = 8.0 Hz, 2H,
H-arom), 7.20 (dJ = 8.0 Hz, 2H, H-arom), 7.10 (#,= 8.0 Hz, 2H, H-arom), 6.69 (t,
J=28.0 Hz, 1H, H-arom), 6.57 (d,= 8.0 Hz, 2H, H-arom), 4.78-4.67 (m, 2H, CH+NH),
4.10-3.98 (m, 2H, OCKCH,CH,CHj3), 3.94-3.87 (m, 1H, OC}¥H,CH,CHs), 3.71-
3.63 (m, 1H, OCHCH,CH,CHj), 2.44 (s, 3H, SCk, 1.62-1.58 (m, 2H,
OCH,CH,CH,CHg), 1.48-1.44 (m, 2H, OCHH,CH,CHg), 1.38-1.32 (m, 2H,
OCH,CH,CH,CHj3), 1.27-1.21 (m, 2H, OC¥H,CH,CHs), 0.89 (t,J = 8.0 Hz, 3H,
OCH,CH,CH,CHj), 0.84 (t,J = 8.0 Hz, 3H, OCKHCH,CH,CHs) ppm.**C NMR (101
MHz, CDCk) & 146.35 (d,J = 15.15 Hz, Cq), 138.21 (d,= 4.04 Hz, Cq), 132.89 (d,
J =3.03 Hz,_ Cq), 129.27 (s, CH-arom), 128.37)é; 5.05 Hz, CH-arom), 126.70 (d,
J = 3.03 Hz,_ CH-arom), 118.54 (s, CH-arom), 113.940{d-arom), 67.09 (d] = 7.07
Hz, OCHCH,CH,CHs), 66.08 (d,J = 8.08 Hz, QCHCH,CH,CHs;), 55.70 (d,

J =151.50 Hz, CH), 32.64 (d,= 5.05 Hz, OCHCH,CH,CHj3), 32.47 (d,J = 5.05 Hz,
OCH,CH,CH,CHgs), 18.71 (d,J = 10.10 Hz, OCHCH,CH,CHs), 15.80 (s, SCH,
13.66 (d,J = 5.05 Hz, OCHCH,CH,CHz) ppm. *P NMR (162 MHz, CDGJ) § 22.76
ppm. Anal. Calcd. for &H3,NOsPS: C, 62.68; H, 7.65; N, 3.32. Found: C, 62.55; H,
7.57; N, 43.29.

Table 2, entry 4: Beige solid*H NMR (CDCk, 400 MHz)$ 7.45 (dd,J = 4.0, 8.0 Hz,
2H, H-arom), 7.26-7.19 (m, 6H, H-arom), 7.17-7.@¥, 6H, H-arom), 6.90 (d] = 8.0
Hz, 2H, H-arom), 6.74 (tJ = 4.0, 8.0 Hz, 1H, H-arom), 6.62 (d,= 8.0 Hz, 2H,
H-arom), 5.10 (ddJ) = 8.0, 16.0 Hz, 1H, CH), 4.92 (= 8.0 Hz, 1H, NH), 2.43 (s, 3H,
SCHs) ppm.**C NMR (101 MHz, CDGJ) & 150.47 (d,J = 10.10 Hz, Cq), 150.29 (d,
J=10.10 Hz_Cq), 145.88 (d,= 5.05 Hz, Cq), 138.99 (d,= 3.03 Hz, Cq), 129.83 (d,
J = 8.08 Hz,_Cq), 129.40 (s, CH-arom), 128.67_(s;&éin), 126.87 (dJ = 3.03 Hz,
CH-arom), 120.77 (dJ = 4.04 Hz,_CH-arom), 120.43 (s, CH-arom), 114.88 (
CH-arom), 55.87 (dJ = 144.54 Hz, CH), 15.76 (s, S@pm.*'P NMR (162 MHz,
CDCl) 6 15.43 ppm. Anal. Calcd. forgH4/NOsPS: C, 67.66; H, 5.24; N, 3.03. Found:
C, 67.50; H, 5.19; N, 2.93.
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Table 3, entry 1%% Beige solid*H NMR (CDCk, 400 MHz)$ 7.38 (d,J = 8.0 Hz, 2H,
H-arom), 7.09 (tJ = 8.0 Hz, 2H, H-arom), 6.85 (d,= 8.0 Hz, 2H, H-arom), 6.67 (t,
J=4.0, 8.0 Hz, 1H, H-arom), 6.59 (d@,= 8.0 Hz, 2H, H-arom), 4.81 (brs, 1H, NH),
4.70 (d,J = 24.0 Hz, 1H, CH), 4.15-4.07 (m, 2H, O&EH;), 3.99-3.89 (m, 1H,
OCH,CHg), 3.75-3.66 (m, 4H, OCKHs+OCH), 1.27 (t,J = 4.0, 8.0 Hz, 3H,
OCH,CHs), 1.13 (t,J = 4.0, 8.0 Hz, 3H, OC}Hs) ppm.*C NMR (101 MHz, CDGJ)

6 159.39 (d,J = 3.03 Hz,_Cq), 146,46 (d = 15.15 Hz, Cq), 129.22 (s, CH-arom),
129.04 (d,J = 6.06 Hz, CH-arom), 127.78 (d,= 3.03 Hz,_Cq), 118.42 (s, CH-arom),
114.14 (d,J = 3.03 Hz,_CH-arom),113.97 (s, CH-arom), 63.32 Jd= 4.04 Hz,
OCH,CHjs), 63.25 (dJ = 4.04 Hz, OCKHICHg), 55.45 (dJ = 153.52 Hz, CH), 55.30 (s,
OCHs), 16.53 (d,J = 6.06 Hz, OCHCHs), 16.35 (dJ = 6.06 Hz, OCHCH5) ppm.>'P
NMR (162 MHz, CDC}) 6 23.29 ppm. Anal. Calcd. forgH.4NO4P: C, 61.88; H, 6.92;
N, 4.01. Found: C, 61.02; H, 6.89; N, 3.94.

Table 3, entry 3?%: Beige solid.'H NMR (CDCk, 400 MHz)&: 7.45 (dd,J = 4.0 Hz,

J = 8.0 Hz, 2H, H-arom), 7.11 (§, = 8.0 Hz, 2H, H-arom), 7.02 (§, = 8.0 Hz, 2H,
H-arom), 6.70 (dJ = 4.0, 8.0 Hz, 1H, H-arom), 6.57 (@= 8.0 Hz, 2H, H-arom), 4.74
(d,J =24.0 Hz, 1H, CH), 4.47 (brs, 1H, NH), 4.14-4(@8 4H, OCHCHj3), 3.98-3.94
(m, 1H, OCHCH), 3.78-3.72 (m, 1H, OC}€Hs), 1.28 (t,J = 8.0 Hz, 3H, OCKCHy),
1.14 (t,J = 4.0, 8.0 Hz, 3H, OC}CHs) ppm.**C NMR (101 MHz, CDGJ) § 163.74 (d,

J = 4.04 Hz,_ Cq), 161.32 (] = 8.08, 4.04 Hz, Cq), 146.20 (d,= 15.15 Hz,_Cq),
131.75 (t,J = 3.03 Hz,_Cq), 129.53 (1] = 3.03, 6.06 Hz, CH-arom), 129.37 (d,
J = 15.15 Hz, CH-arom), 118.67 (s, CH-arom), 115d/J = 3.03 Hz, CH-arom),
115.55 (d,J = 2.02 Hz,_CH-arom), 113.93 (s, CH-arom), 63.46 J&= 7.07 Hz,
OCH,CHg), 63.34 (s, OCbLCHj3), 55.46 (dJ = 152.51 Hz, CH), 16.52 (d,= 5.05 Hz,
OCH,CHs), 16.32 (d,J = 6.06 Hz, OCHCHs) ppm. *P NMR (162 MHz, CDG))

6 22.93 ppm. Anal. Calcd. for@H,;FNOsP: C, 60.53; H, 6.27; N, 4.15. Found: C,
59.98; H, 6.11; N, 4.03.

Table 3, entry 4: Beige solid.*H NMR (CDCk, 400 MHz)& 7.24 (t,J = 8.0 Hz, 2H,
H-arom), 6.83-6.78 (m, 3H, H-arom), 4.50 J& 16.0 Hz, 1H, CH), 4.30 (s, 2H, Cp),
4.30-3.90 (m, 11H, Cp, OGBHz) 1.21-1.14 (m, 6H, OCHCHs) ppm.**C NMR (101
MHz, CDCkL) 6 147.23 (d,J = 6.06 Hz,_Cq), 129.30 (s, CH-arom), 118.30 (s,
CH-arom), 113.55 (s, CH-arom), 85.33 §ds 7.07 Hz, Cq), 68.69 (s, CH, Cp), 68.03
(s, CH, Cp), 67.67 (s, CH, Cp), 65.93 {ds 2.02 Hz, CH, Cp), 63.13 (d,= 7.07 Hz,
OCH,CHj3), 62.55 (dJ = 7.07 Hz, OCHCHy), 51.77 (dJ = 162.61 Hz, CH), 16.45 (d,
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J = 5.05 Hz, OCHCH;), 16.35 (d,J = 5.05 Hz, OCHCHs) ppm.*'P NMR (162 MHz,
CDClg) 6 21.91 ppm. Anal. Calcd. forgHszFeNGP: C, 60.40; H, 7.05; N, 3.06.
Found: C, 59.99; H, 6.90; N, 2.94.

Table 3, entry 5: Beige solid*H NMR (CDCk, 400 MHz)5 8.01 (d,J = 8.0 Hz, 2H,
H-arom), 7.56 (dJ = 8.0 Hz, 2H, H-arom), 7.09 @ = 8.0, 4.0 Hz, 2H, H-arom), 6.70
(t, J = 8.0 Hz, 1H, H-arom), 6.57 (d,= 8.0 Hz, 2H, H-arom), 5.35 (brs, 1H, NH), 4.82
(d,J = 24.0 Hz, 1H, CH), 4.17-4.07 (m, 2H, O&EHs), 4.00-3.94 (m, 1H, OCIHs),
3.89 (s, 3H, OCH), 3.78-3.70 (m, 1H, OC}Hz), 1.28 (t,J = 8.0, 4.0 Hz, 3H,
OCH,CH), 1.14 (t,J = 4.0, 8.0 Hz, 3H, OCKCHs) ppm.**C NMR (101 MHz, CDG)

5 166.87 (s, C=0), 146.10 (d~= 15.15 Hz, Cq), 141.57 (d,= 3.03 Hz, Cq), 129.95 (d,
J = 3.03 Hz,_CH-arom), 129.86 (d,= 3.03 Hz, CH-arom), 129.33 (s, CH-arom),
127.97 (d,J = 5.05 Hz,_Cq), 118.79 (s, CH-arom), 113.92 (s,-&bim), 63.64 (d,
J = 7.07 Hz, OCHCHg), 63.54 (d,J = 7.07 Hz, OCHCH,), 56.20 (d,J = 149.48 Hz,
CH), 52.23 (s, OC}H), 16.51 (d,J = 8.08 Hz, OCHCH3), 16.32 (d,J = 8.08 Hz,
OCH,CHs) ppm. *P NMR (162 MHz, CDG) & 21.69 ppm.Anal. Calcd. for
Ci9H24NOsP: C, 60.47; H, 6.41; N, 3.71. Found: C, 59.236182; N, 3.59.

Table 3, entry 6*: Beige solidH NMR (CDCk, 400 MHz) 7.07 (t,J = 8.0, 4.0 Hz,
2H, H-arom), 7.00 (s, 1H, H-arom), 6.91 (&= 8.0 Hz, 1H, H-arom), 6.84 (d,= 8.0
Hz, 1H, H-arom), 6.66 (tJ = 8.0, 4.0 Hz, 1H, H-arom), 6.61 (d,= 8.0 Hz, 2H,
H-arom), 4.89 (brs, 1H, NH), 4.70 (d, = 24.0 Hz, 1H, CH), 4.16-4.05 (m, 2H,
OCH.CHj3), 3.97-3.91 (m, 1H, OCI€H;), 3.74-3.66 (m, 4H, OCHH3;+OCHs), 1.25
(t, J = 4.0, 8.0 Hz, 3H, OC}CHs), 1.11 (t,J = 4.0, 8.0 Hz, 3H, OC}Hs) ppm.
13C NMR (101 MHz, CDGJ) 147.19 (dJ = 3.03 Hz, Cq), 146.29 (d,= 4.04 Hz,_ Cq),
145.75 (dJ = 3.03 Hz,_Cq), 128.96 (s, CH-arom), 127.00)&, 2.02 Hz, Cq), 120.78
(d, J = 8.08 Hz,_ CH-arom), 118.21 (s, CH-arom), 114.d2)(= 2.02 Hz, CH-arom),
113.77 (s,_CH-arom), 110.53 (d,= 5.05 Hz, _CH-arom), 63.21 (1 = 7.07 Hz,
OCH,CHj3), 55.62 (d,J = 153.52 Hz, CH), 55,71 (s,_OGHK 16.25 (d,J = 5.05 Hz,
OCH,CHs), 16.09 (d,J = 5.05 Hz, OCKCHs) ppm. P NMR (162 MHz, CDG) &
22.86 ppm. Anal. Calcd. for,gH24NOsP: C, 59.17; H, 6.62; N, 3.83. Found: C, 58.24;
H, 5.97; N, 3.69.

Table 3, entry 7% Beige solid*H NMR (CDCk, 400 MHz)$ 7.47 (d,J = 8.0 Hz, 2H,
H-arom), 7.32 (tJ = 8.0 Hz, 2H, H-arom), 7.25 (§,= 8.0 Hz, 1H, H-arom), 7.09 (t,
J = 8.0 Hz, 2H, H-arom), 6.68 (@ = 4.0, 8.0 Hz, 1H, H-arom), 6.60 (d= 12.0 Hz,
2H, H-arom), 4.88 (brs, 1H, NH), 4.76 (d,= 24.0 Hz, 1H, CH), 4.14-4.08 (m, 2H,
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OCH.CHj3), 3.94-3.90 (m, 1H, OC}Hs), 3.70-3.64 (m, 1H, OC}CH;), 1.28 (t,
J=4.0, 3H, 8.0 Hz, OC}CHs), 1.10 (t,J = 4.0, 3H, 8.0 Hz, OCKHs) ppm.**C NMR
(101 MHz, CDC}) & 146.43 (d,J = 15.15 Hz, Cq), 136.01 (s, Cq), 128.67 (d,
J = 2.02 Hz,_CH-arom), 128.00 (d, = 2.02 Hz,_CH-arom), 127.92 (s, CH-arom),
118.47 (s, CH-arom), 113.95 (s, CH-arom), 63.41 (l,1.01 Hz, QCHCHj), 63.34 (d,
J = 2.02 Hz, OCHKHCHg), 56.16 (d,J = 151.5 Hz, CH), 16.51 (dJ = 6.06 Hz,
OCH,CHs), 16.27 (d,J = 6.06 Hz, OCHCHs) ppm.*P NMR (162 MHz, CDG)) &
23.02 ppm. Anal. Calcd. for,@H,o,NOsP: C, 63.94; H, 6.94; N, 4.39. Found: C, 63.80;
H, 6.77; N, 4.28.

Table 3, entry 8: Beige solid*H NMR (CDCk, 400 MHz)5 7.60 (s, 4H, H-arom), 7.12
(t, J = 8.0 Hz, 2H, H-arom), 6.73 @,= 4.0, 8.0 Hz, 1H, H-arom), 6.56 (8= 8.0 Hz,
2H, H-arom), 4.83 (d) = 20.0 Hz, 2H, NH+CH), 4.16-4.10 (m, 2H, O&EtHs), 4.04-
3.98 (m, 1H, OCHKCHs), 3.85-3.79 (m, 1H, OC¥CH3), 1.29 (t,J = 4.0, 8.0 Hz, 3H,
OCH,CHs), 1.16 (t,J = 8.0 Hz, 3H, OCKCHs) ppm.*C NMR (101 MHz, CDGJ)

6 146.02 (dJ = 15.15 Hz, Cqg), 140.51 (s, Cq), 130.09 (s, C@p.42 (s, CH-arom),
128,26 (d, J = 5.05 Hz, CH-arom), 125.65 (s, CH¥grdl18.95 (s, CH-arom), 113.92
(s, CH-arom), 63.69 (d] = 7.07 Hz, OCHCHs), 64.00 (d,J = 7.07 Hz, OCHCHy),
56.04 (d,J = 150.49 Hz, CH), 16.53 (d,= 6.06 Hz, OCHCHj3), 16.31 (dJ = 6.06 Hz,
OCH,CHs) ppm. 3P NMR (162 MHz, CDG) & 21.91 ppm. Anal. Calcd. for
Ci1gH21F3sNOsP: C, 55.82; H, 5.46; N, 3.62. Found: C, 55.705131; N, 3.53.

Table 3, entry 9°”: Beige solid.*H NMR (CDCk, 400 MHz)8 7.46 (d,J = 8.0 Hz, 2H,
H-arom), 7.36 (tJ = 4.0, 8.0 Hz, 2H, H-arom), 7.11 ¢=8.0, 12.0 Hz, 2H, H-arom),
6.71 (t,J=12.0, 8.0 Hz, 1H, H-arom), 6.56 @+ 12.0 Hz, 2H, H-arom), 4.76-4.66 (m,
2H, NH, CH), 4.18-3.92 (m, 3H, OGHHj3), 3.85-3.72 (m, 1H, OCKTH3), 1.29 (t,
J = 8.0, 12.0 Hz, 3H, OC}€H3), 1.14 (t,J = 8.0, 12.0 Hz, 3H, OCKHs) ppm.*=C
NMR (101 MHz, CDC}) 6 146.15 (dJ = 19.19 Hz,_Cq), 135.32 (d,= 4.04 Hz, Cq),
131.86 (d,J = 4.04 Hz, CH-arom), 129.63 (d,= 7.07 Hz,_CH-arom), 129.37 (s,
CH-arom), 121.98 (dJ = 6.06 Hz,_Cq), 118.82 (s, CH-arom), 113.98_(H-a&om),
63.55 (d,J = 9.09 Hz, OCHICHg), 63.42 (s, OChKCHj3), 55.77 (dJ = 200.99 Hz, CH),
16.57 (d,J = 8.08 Hz, OCHCH;), 16.39 (d,J = 8.08 Hz, OCHCHs) ppm.*'P NMR
(162 MHz, CDC}) 6 22.10 ppm. Anal. Calcd. for:@H,:BrNOsP: C, 51.27; H, 5.32; N,
3.52. Found: C, 51.04; H, 5.19; N, 3.38.

Table 3, entry 10%%: Brown solid.*H NMR (CDCk, 400 MHz)5 7.40 (s, 1H, H-arom),
7.17 (t,J = 8.0 Hz, 2H, H-arom), 6.76 (1 = 8.0, 4.0 Hz, 1H, H-arom), 6.69 (d,
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J = 8.0 Hz, 2H, H-arom), 6.41 @ = 4.0 Hz, 1H, H-arom), 6.34 (s, 1H, H-arom), 4.93
(d,J = 24.0 Hz, 1H, CH), 4.44 (brs, 1H, NH), 4.25-4(b% 2H, OCHCHs), 4.13-4.04
(m, 1H, OCHCHg), 3.95-3.85 (m, 1H, OCiTH3), 1.32 (t,J = 4.0, 8.0 Hz, 3H,
OCH,CH), 1.22 (t,J = 8.0, 4.0 Hz, 3H, OC}CHs) ppm.**C NMR (101 MHz, CDG)

3 149.13 (s,_Cq), 145.96 (dl = 45.45 Hz,_Cq), 142.50 (s, CH-arom), 129.20 (s,
CH-arom), 118.20 (s, CH-arom), 113.95 (s, CH-ardktf).79 (s, CH-arom), 108.80 (d,
J =7.07 Hz,_CH-arom), 63.36 (s, OgEH3), 50.23 (dJ = 160.59 Hz, CH), 16.45 (d,
J=6.06 Hz, OCHCH;), 16.30 (dJ = 6.06 Hz, OCHCHs) ppm.**P NMR (162 MHz,
CDCl3) 6 20.61 ppm. Anal. Calcd. for,6H,0NO4P: C, 58.25; H, 6.52; N, 4.53. Found:
C, 57.96; H, 6.41; N, 4.38.

Table 4, entry 1: Beige solid.*H NMR (CDCk, 400 MHz)§ 7.37 (d,J = 8.0 Hz, 2H,
H-arom), 7.20 (dJ = 8.0 Hz, 2H, H-arom), 6.69 (d,= 8.0 Hz, 2H, H-arom), 6.56 (d,
J=12.0 Hz, 2H, H-arom), 5.42 (brs, 1H, NH), 4.66J= 24.0 Hz, 1H, CH), 4.18-4.07
(m, 2H, OCHCHj3), 4.00-3.94 (m, 1H, OC}H,), 3.79-3.71 (m, 1H, OC}Hs), 3.68
(s, 3H, OCH), 2.48 (s, 3H, SC¥J, 1.29 (t,J = 8.0 Hz, 3H, OCHKCHj3), 1.15 (t,J = 8.0
Hz, 3H, OCHCHs) ppm.**C NMR (101 MHz, CDGJ) § 152.92 (s,_Cq), 140.11 (d,
J=16.16 Hz, Cq), 138.29 (d,= 4.04 Hz, Cq), 132.65 (d,= 3.03 Hz, Cq), 128.46 (d,
J = 6.06 Hz,_ CH-arom), 126.60 (d,= 3.03 Hz, CH-arom), 115.55 (s, CH-arom),
114.83 (s, _CH-arom), 63.58 (d,= 7.07 Hz, OCHCHj3), 63.46 (d,J = 7.07 Hz,
OCH,CHj3), 56.70 (d,J = 152.51 Hz, CH), 55.74 (s,_OGK 16.54 (d,J = 6.06 Hz,
OCH,CHs), 16.35 (d,J = 6.06 Hz, OCHCHs), 15.71 (s, SCE ppm.>P NMR (162
MHz, CDCk) & 22.75 ppm. Anal. Calcd. for;gH,sNO4PS: C, 57.71; H, 6.63; N, 3.54.
Found: C, 57.62; H, 6.54; N, 3.40.

Table 4, entry 3: Beige solid*H NMR (CDCk, 400 MHz)5 7.36 (d,J = 4.0 Hz, 2H,
H-arom), 7.21 (dJ = 8.0 Hz, 2H, H-arom), 6.81 @.= 8.0 Hz, 2H, H-arom), 6.52-6.49
(m, 2H, H-arom), 6.64 (d] = 24,0 Hz, 1H, CH), 4.14-4.09 (m, 2H, O&®H3), 3.99-
3.93 (m, 1H, OCHCHs), 3.77-3.71 (m, 1H, OC}Hs), 2.81 (brs, 1H, NH), 2.46 (s,
3H, SCH), 1.30 (t,J = 4.0, 8.0 Hz, 3H, OC}CHs), 1.15 (t,J = 8.0 Hz, 3H, OCHKCHs)
ppm.**C NMR (101 MHz, CDGJ) § 157.52 (s, Cq), 155.18 (s, Cq), 142.66Xd,2.02
Hz, Cq), 138.46 (dJ = 3.03 Hz,_ Cq), 132.37 (d,= 3.03 Hz,_ Cq), 128.35 (d,= 5.05
Hz, CH-arom), 126.59 (d] = 3.03 Hz, CH-arom), 115.58 (s, CH-arom), 114.86 (
J = 7.07 Hz, CH-arom), 63.49 (d,= 7.07 Hz, OCHCHs), 56.32 (d,J = 152.51 Hz,
CH), 16.47 (dJ = 5.05 Hz, OCHCHjs), 16.28 (d,J = 6.06 Hz, OCHCHj3), 15.62 (s,
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SCH) ppm. P NMR (162 MHz, CDG) & 22.62 ppm. Anal. Calcd. for
Ci1gH23FNG5PS: C, 56.39; H, 6.05; N, 3.65. Found: C, 56.225193; N, 3.55.

Table 4, entry 4: Beige solid.*H NMR (CDCk, 400 MHz)3 7.35 (t,J = 4.0 Hz, 2H,
H-arom), 7.22-7.16 (m, 4H, H-arom), 6.45 J& 8.0 Hz, 2H, H-arom), 4.84 (brs, 1H,
NH), 4.66 (d,J = 24.0 Hz, 1H, CH), 4.19-4.08 (m, 2H, O&¥Hs), 3.97-3.92 (m, 1H,
OCH,CHg), 3.76-3.72 (m, 1H, OC}€H3), 2.45 (s, 3H, SC§), 1.29 (t,J = 8.0 Hz, 3H,
OCH,CHs), 1.14 (t,J = 4.0, 8.0 Hz, 3H, OC}H3) ppm.**C NMR (CDCE, 101 MHz)

6 145.39 (d,J = 15.2 Hz,_Cq), 138.64 (s, Cq), 132.21 (s, CqR.a3 (s, CH-arom),
128.32 (d,J = 5.05 Hz,_CH-arom), 126.70 (d, = 3.03 Hz,_CH-arom), 115.61 (s,
CH-arom), 110.39 (s, Cq), 63.56 @l= 7.07 Hz, OCHCH3), 63.47 (d,J = 7.07 Hz,
OCH,CHj3), 55.78 (dJ = 152.51 Hz, CH), 16.55 (d,= 6.06 Hz, OCHCHz), 16.37 (d,
J = 5.05 Hz, OCHCHs), 15.72 (s, SCE ppm.>P NMR (162 MHz, CDGJ) 5 22.38
ppm. Anal. Calcd. for ¢gH23BrNOsPS: C, 48.66; H, 5.22; N, 3.15. Found: C, 48.51; H,
5.08; N, 3.03.

Table 4, entry 5: Beige solid*H NMR (CDCk, 400 MHz)&: 7.32 (d,J = 8.0 Hz, 2H,
H-arom), 6.97 (dJ = 8.0 Hz, 2H, H-arom), 6.77 (d,= 4.0 Hz, 1H, H-arom), 6.62 (d,
J = 8.0 Hz, 1H, H-arom), 6.54 (d,= 8.0 Hz, 1H, H-arom), 6.48 (d,= 8. 0 Hz, 1H,
H-arom), 4.86 (d,J = 24.0 Hz, 1H, CH), 4.29-4.21 (m, 2H, O&EHs), 4.00-3.90 (m,
1H, OCHCHs), 3.74-3.65 (m, 1H, OC}CHs), 2.32 (s, 3H, SC¥), 1.29 (t,J = 8.0 Hz,
3H, OCHCH), 1.13 (t,J = 8.0 Hz, 3H, OCKCH3) ppm.**C NMR (101 MHz, CDG))

3 145.25 (s, Cq), 138.17 (d,= 3.03 Hz,_Cq), 134.84 (d,= 17.2 Hz, Cq), 132.30 (d,
J=1.01 Hz,_Cq), 128.55 (d,= 6.06 Hz, CH-arom), 126.35 (d~ 2.02 Hz,_ CH-arom),
119.93 (s, CH-arom), 118.44 (s, CH-arom), 114.5&4-arom), 112.07 (s, CH-arom),
64.32 (d,J = 7.07 Hz, OCHCHj3), 63.77 (d,J = 8.08 Hz, OCHCHs), 55.52 (d,
J = 155.54 Hz,_CH), 16.47 (d] = 5.05 Hz, OCHKHCH3), 16.22 (d,J = 6.06 Hz,
OCH,CHs), 15.47 (s, SCH ppm. 3P NMR (162 MHz, CDGJ) &: 24.08 ppm. Anal.
Calcd. for GgH24/NO4PS: C, 56.68; H, 6.34; N, 3.67. Found: C, 56.60627; N, 3.59.
Table 5, entry 1: Beige solid*H NMR (CDCk, 400 MHz)& 7.41 (d,J = 8.0 Hz, 2H,
H-arom), 7.19 (tJ = 8.0 Hz, 2H, H-arom), 7.14 (d,= 8.0 Hz, 2H, H-arom), 6.85 (d,
J=12.0 Hz, 2H, H-arom), 6.74 @,= 4.0, 12.0 Hz, 1H, H-arom), 5.28 (@l= 24.0 Hz,
1H, CH), 4.18-3.95 (m, 4H, OCEHs), 2.91 (s, 3H, Ch), 2.34 (s, 3H, SC§),
1.19-1.14 (m, 6H, OCHCHs) ppm.**C NMR (101 MHz, CDGJ) 6 149.62 (dJ = 7.07
Hz, Cq), 138.00 (s, Cq), 130.44 @z 8.08 Hz, Cq), 128.91 (s, CH-arom), 128.76 (d,
J = 9.09 Hz,_CH-arom), 125.68 (s, CH-arom), 117.67 CH-arom), 113.47 (s,
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CH-arom), 62.57 (d) = 7.07 Hz, OCKICHg), 61,62 (dJ = 7.07 Hz, OQCHCHjg), 60.82
(d, J = 154.53 Hz, CH), 34.12 (s, Gk 16.02 (d,J = 5.05 Hz, OCHCHj3), 15.85 (d,

J = 5.05 Hz, OCHCHs), 14.81 (s, SCH ppm.*P NMR (162 MHz, CDGJ) & 22.13
ppm. Anal. Calcd. for EH2sNOsPS: C, 60.14; H, 6.91; N, 3.69. Found: C, 59.97; H,
6.85; N, 3.54.

Table 5, entry 2: Beige solid*H NMR (CDCk, 400 MHz)$ 5.49 (dd,J = 4.0, 8.0 Hz,
2H, H-arom), 7.23 (tJ = 8.0 Hz, 2H, H-arom), 6.98 @,= 8.0 Hz, 2H, H-arom), 6.87
(d,J =8.0 Hz, 2H, H-arom), 6.78 @,= 4.0, 8.0 Hz, 1H, H-arom), 5.30 (@= 24.0 Hz,
1H, CH), 4.21-4.00 (m, 4H, 20GHH3), 2.93 (s, 3H, Ch), 1.22-1.17 (m, 6H,
20CH,CHs) ppm. *C NMR (101 MHz, CDGJ)) 8§ 163.45 (s, Cq), 160.99 (s, Cq),
149.91 (d,J = 8.08 Hz,_Cq), 130.58 (s, CH-arom), 129.08 (s,-&bim), 118.16 (s,
CH-arom), 115.32 (s, CH-arom), 113.85 (s, CH-aro®$,04 (d,J = 7.07 Hz,
OCH,CHj3), 62.03 (dJ = 7.07 Hz, OCKHICHg), 61.01 (dJ = 161.60 Hz, CH), 34.39 (s,
CHs), 16.30 (d,J = 5.05 Hz, OCHCHs), 16.11 (d,J = 6.06 Hz, OCHCHs) ppm. 3P
NMR (162 MHz, CDCJ) 6 22.05 ppm. Anal. Calcd. for;gH,3FNOsP: C, 61.53; H,
6.60; N, 3.99. Found: C, 60.38; H, 6.49; N, 3.84.

Table 5, entry 3: Beige solid*H NMR (CDCk, 400 MHz)& 7.41 (g,J = 8.0 Hz, 4H,
H-arom), 7.23 (tJ = 8.0 Hz, 2H, H-arom), 6.85 (d,= 8.0 Hz, 2H, H-arom), 6.78 (t,
J = 8.0 Hz, 1H, H-arom), 5.26 (d,= 24.0 Hz, 1H, CH), 4.20-4.00 (m, 4H, OGEHs),
2.92 (s, 3H, Ch), 1.22-1.18 (m, 6H, OC}Hs) ppm.**C NMR (101 MHz, CDG) §
149.87 (dJ = 7.07 Hz,_Cq), 133.46 (d,= 7.07 Hz,_Cq), 131.51 (s, CH-arom), 130.40
(d,J =9.09 Hz, CH-arom), 129.14 (s, CH-arom), 121€370(q), 118.27 (s, CH-arom),
113.88 (s,_CH-arom), 63.12 (d,= 7.07 Hz, OCHCH3), 62.11 (d,J = 7.07 Hz,
OCH,CH3), 61.22 (d,J = 160.59 Hz, CH), 34.57 (s, GH 16.39 (d,J = 6.1 Hz,
OCH,CHs), 16.22 (d,J = 5.1 Hz, OCHCHs) ppm.*’P NMR (162 MHz, CDG)) § 21.66
ppm. Anal. Calcd. for ¢H23BrNOsP: C, 52.44; H, 5.62; N, 3.40. Found: C, 52.33; H,
5.47; N, 3.29.

Table 5, entry 4: Beige solid*H NMR (CDCk, 400 MHz)& 7.30 (d,J = 8.0 Hz, 2H,
H-arom), 7.06 (s, 1H, H-arom), 6.92 @z 2.0 Hz, 2H, H-arom), 6.80 (d,= 8.0 Hz,
1H, H-arom), 6.53 (dJ = 8.0 Hz, 2H, H-arom), 4.25 (dl = 24.0 Hz, 1H, CH),
3.99-3.94 (m, 2H, OCHCHjs), 3.84-3.80 (m, 5H, OCKH3;+OCH), 2.75 (s, 3H, Ch),
1.14-1.11 (tJ = 4.0, 8.0 Hz, 6H, OC}Hs) ppm.°C NMR (101 MHz, CDG)) §
148.38 (s, Cq), 146.77 (s, Cq), 144.95 (Cq), 1304 = 8.08 Hz, CH-arom), 128.93
(s, CH-arom), 125.19 (d,= 5.05 Hz, Cq), 122.14 (d,= 9.09 Hz,_ CH-arom), 114.64 (s,
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CH-arom), 112.47 (s, CH-arom) 112.27 Jds 7.07 Hz, CH-arom), 62.68 (d,= 7.07
Hz, OCHCHs;), 62.54 (d,J = 7.07 Hz, OCHCHz), 55.83 (s, OCh), 49.72 (d,
J=139.38 Hz, CH), 30.64 (s, GH16.31 (s, OChCHs), 16.25 (s, OCKCHs) ppm.3'P
NMR (162 MHz, CDGJ) 6 26.36 ppm. Anal. Calcd. forigH»eNOsP: C, 60.15; H,
6.91; N, 3.69. Found: C, 59.01; H, 6.79; N, 3.53.

Table 5, entry 5: Beige solid*H NMR (CDCk, 400 MHz)§ 8.00 (d,J = 8.0 Hz, 2H,
H-arom), 7.60 (dJ = 8.0 Hz, 2H, H-arom), 7.25 (@, = 8.0 Hz, 2H, H-arom), 6.87 (d,
J = 8.0 Hz, 2H, H-arom), 6.80 (@, = 8.0 Hz, 1H, H-arom), 5.37 (d,= 24.0 Hz, 1H,
CH), 4.20-4.03 (m, 4H, OCI€H,), 3.89 (s, 3H, OC}H), 2.98 (s, 3H, Ch), 1.24-1.19
(m, 6H, OCHCHs) ppm.**C NMR (101 MHz, CDGJ) § 166.70 (s, C=0), 149.95 (s,
Cq), 139.92 (s, Cq), 129.71 (s, CH-arom), 129.2&s-arom), 128.70 (s, Cq), 118.15
(s, CH-arom), 113.87 (s, CH-arom), 63.22 {§d= 8.08 Hz, OCHCHj3), 62.28 (d,
J=7.07 Hz, OCHCHj3), 61.68 (dJ = 159.58 Hz, CH), 52.04 (s, OGK34.87 (s, Ch),
16.43 (d,J = 6.1 Hz, OCHCHs), 16.26 (d,J = 5.1 Hz, OCHCHs) ppm. *'P NMR
(162 MHz, CDC}) 6 21.57 ppm. Anal. Calcd. for,gH,sNOsP: C, 61.37; H, 6.70; N,
3.58. Found: C, 60.19; H, 6.58; N, 3.40.

4.4. Use of the catalyst [CpRu(PPhs).Cl] in several catalytic cycles

To a mixture of 4-(methylthio)benzaldehyde (1.0 nipn@niline (1.0 mmol) and
[CpRu(PPK).CI] (0.5 mol %) was added HP(O)(OEt}j2.0 mmol). The reaction
mixture was stirred at 80 °C under an air atmospliiring 15 min. The reaction
mixture was cooled and the yield was determined'thyNMR spectroscopy using
mesitylene (1.0 mmol) as internal standard. In thext catalytic cycles,
4-(methylthio)benzaldehyde (1.0 mmol), aniline (inéhol), HP(O)(OEY (2.0 mmol)
and mesitylene (1.0 mmol) was added to the reactiorture and stirred at 80 °C. The

yields were determined By NMR spectroscopy
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Highlights

[CpRu(PPh3).Cl] isavery efficient catalyst for the direct aminophosphonylation of
adehydes

The catalyst [ CpRu(PPh3),Cl] can be use in 12 catalytic cycles with excellent activity

The reactions can be performed under solvent free conditions



