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ABSTRACT: Nucleophilic or radical addition of
trimethylsilyl esters of trivalent organophosphorus
acids to various functionalized acrylates and their
cyclic analogues is proposed as convenient methods
for the synthesis of new 2-trimethylsiloxycarbonyl-
substituted alkylphosphonites and their derivatives
under mild conditions. Also the new functionalized
derivatives of these phosphonites, including amino,
amido, and amino acids fragments as well as cer-
tain properties of these compounds, are presented
as important precursors of new organophosphorus-
substituted derivatives of functionalized propionates
and their analogues. © 2008 Wiley Periodicals, Inc.
Heteroatom Chem 19:418-428, 2008; Published online
in Wiley InterScience (www.interscience.wiley.com). DOI
10.1002/hc.20446

INTRODUCTION

Organophosphorus analogues of amino acids
containing carboxyl and amino groups as well as
heterocyclic and organoelement fragments are of
great interest as promising ligands and biologi-
cally active compounds [1-4]. Recently, we have
found that various derivatives of functionalized
organophosphorus acids with aryl, heterocyclic,
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and organoelement fragments were obtained in
high yields via addition of trimethylsilyl esters
of trivalent organophosphorus acids to various
organic compounds containing multiple bonds
[5-7]. In the present work, we report the re-
sults of the nucleophilic or radical addition of
bis(trimethylsiloxy)phosphine, trimethylsilyl phos-
phites, and phosphonites to trimethylsilyl acrylate
and its various functionalized or cyclic analogues
such as vy-crotonolactone, trimethylsilyl esters of
2-(acetylamino)acrylic, itaconic, maleic, acetylene-
dicarboxylic, cinnamic, 3-(2-furyl)propionic,
and 1H-indene-2-carboxylic acids. The obtained
phosphonites  were easily transformed to
aminomethyl phosphinates using various methods
of aminomethylation thoroughly investigated by us
(cf. [8]). These reactions provide a convenient syn-
thetic route to new organophosphorus-substituted
derivatives of functionalized propionates and
their analogues including fragments of indan,

v-butyrolactone, furan, pyridine, proline, and
sarcosine.
RESULTS AND DISCUSSION

In the present work, we showed that the reaction of
bis(trimethylsiloxy)phosphine A with trimethylsilyl
acrylate and its various functionalized or cyclic
analogues is a convenient route to functionalized
2-(trimethylsiloxycarbonyl)alkylphosphonites 1-8.
So phosphine A in methylene chloride readily
reacts with trimethylsilyl or methyl esters of acrylic,
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2-(acetylamino)acrylic, and 2-(carboxymethyl)-
acrylic (itaconic) acids exclusively by way of
3,4-addition involving the PH fragment to form
phosphonites 1-4 in high yield. The phosphonite
2 is a new organophosphorus analogue of aspartic
acid (Eq. (1); cf. [9]).

(Me;Si0):PH + CH,=CXCOOR — (Me;Si0):PCHCHXCOOR

A 1-4

{1
X = H (1), NHA¢ (2), CH>-COOMe (3), CH;COOSMe; (4)

R = Me (3). Me;Si(4)

Under the similar conditions, excess of phos-
phine A readily adds to maleic and acetylenedicar-
boxylic acid diesters to give phosphonites 5,6, and
bisphosphonite 7, incorporating a succinic acid frag-
ment (Eq. (2)).

COOR S
I ROOCCH=CHCOOR

(Me3Si0)»PCHCH2COOR (Me3Si0)PH
5,6 A
- MCOO([',' QT{'){)M‘: (2)
MeOOCCZCCO0Me

(Me3Si0),PCHCHP(OSiMes)>
7

R = Me (5), MesSil6)

The functionalized and cyclic analogues of
trimethylsilyl acrylate possess the lower ac-
tivity toward phosphine A. So bis(trimethy-
Isiloxy)phosphine A slowly adds to y-crotonolactone
at 20°C to form phosphonite 8, and heating at 100°C
is required for the reaction to be completed (Eq. (3)).

T (MeSiORP
(MesSi0pPH  + z \ S ,r }
o0 0

0O 0
A 8 (3}

The addition of phosphine A to trimethylsi-
lyl esters of cinnamic, 3-(2-furyl)propionic, and
1 H-indene-2-carboxylic acids proceeds only in the
presence of azobis(isobutyronitrile) at 100-130°C to
give phosphonites 9-11 in high yields (Eq. (4); cf.
[10]). Note that the influence of phenyl or furyl frag-
ments on the orientation of the addition in these
reactions is more preferable (cf. [6]).

R
(MesSi0pPH + XCH=CHCOOSiMe; ——= tMﬂ.‘;Si(‘l]:P(r'IK'II;-?\'

COOSiMe;
A 9,10
o et

R MeNCIC-:; X = Phi%), _Q (1 )

COOSiMe; COOSiMes
.

(Me3SiO)PH + e (Me3SiO)P

A 11
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Phosphonite 1 smoothly reacts with trimethylsi-
lyl acrylate in methylene chloride via 1,4-addition
involving the POSi fragment to form correspond-
ing ketene bis(trimethylsilyl) acetal 12 in high yield
(cf. [11]), and treatment of acetal 12 with diethyl
phosphite yields phosphinate 13 with two propi-
onate fragments (Eq. (5)).

CHZCHCO0SiMe;

'
NIE:SIOE[];\(HJ{H=({U\IML:)3 = ||':l“J:P“3i-\1¢‘.

CH:=CHCOOSMe: (B0 RPOM

12

Me3SiOP(CHCHyCOOSiMes),
0

(5)

13

By a similar way, the functionalized phospho-
nites with element or heterocyclic fragments [5,6]
were transformed by us after the treatment of the in-
termediate acetals B with diethyl phosphite to phos-
phinates 14-19, containing sometimes two different
fragments with the carboxyl groups (Eq. (6)).

CHy=CHCOOSMey X
—_—

s
(Me3Si0)PX MesSiOP.
& CHCH=C(OSIMes)2
B
{EOLPION] e gl
—(EORPOSMe; M"'-“'S'Og “CHACHyCO0SIMes

14-19 (6)

DOSMey
X Z}:.;'“l tl'llt'll;—@tlﬁl- (16 (CHakSiFs (17),
[
COOSMe; ©
a
@ (18), (CHyp— _J (19)
N

Diethyl trimethylsilyl phosphite adds to
trimethylsilyl acrylate only by heating at 120-
130°C to give ketene acetal 20 in high yield,
which was transformed to phosphonate 21 after
the treatment with diethyl phosphite (Eq. (7); cf.
[12-14]).

1 . CHs=CHCOOSMe; ] )
(EI0):POSIMe; ——————= (E10),PCH,CH=C(OSiMes)
0

20

{EW ) PYOH (7

— ( E10):PCH2CHCO0Si Mes
= (FORPOSHe; (H

21

Also the heating of a mixture of y-crotonolactone
with diethyl phosphite and diethyl trimethylsilyl
phosphite at 120°C in the presence of zinc chloride
leads to formation of phosphonate 22 in high yield.
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Note that under other reaction conditions the start-
ing lactone and the intermediate ketene acetal C
readily polymerize (Eqg. (8)).

(E0):f
i’ — \ (FI0)POSMe; 0 ) {(EORPOH
—_— ——
0 OSiMe; ~ EORPOSMe;
0 %) o
C
(8)
(F.l())gll"l'
It
0 0
22

Under similar conditions, the reactions of
trimethylsilyl esters of phosphorous acid with
trimethylsilyl 1 H-indene-2-carboxylate yield the new
phosphonates 23,24 containing fragments of indan-
1-carboxylic acid. Apparently, these reactions in-
volve intermediate formation of unstable ketene
acetals D (Eq. (9)).

COO0SiMe; C(OSiMe;z)
(RORPOSIME, > (ROpPONH
”m”h{‘:@ — (RORPOSMe;
0]
D
COOSiMes (9)
RO
( )_r’l
(8]

23,24

R = Et(23), Me;Si(24)

CHCHACOOSiMe;  CICHNR;

CIC(ONMe;

We have developed the methods for synthesis
of new phosphinates with propionate, aminomethyl,
and pyridine fragments by 2-carboxyethylation of
available functionalized phosphonites containing
the P(O)H moieties [15]. Thus these phosphonites
add to trimethylsilyl acrylate on heating to 140°C
in the presence of triethylamine or pyridine to give
phosphinates 25-33 in high yield (Eq. (10)).

MesSi0, CH=CHCOOSMe; o CHaX
ip- PCH:X Me3SiOP o
) 0 {CH2)CO0SiMe;
25-33
: : > £
X = NEI; (25), NPr3 (26), N 27 N O (28).
_/ (10}

(29), '& ||' . M(SiMesh 3

NQ i L'UUML‘GG] (SiMe) (31),
{.‘th-CN {32), CHy

2 \ ¥ Y

4 \_

Functionalized phosphonites 1-11 are conve-
nient synthons for preparing various organophos-
phorus analogues of amino acids and their deriva-
tives with promising properties [3,4]. In the present
work, we propose a universal synthetic approach
to such compounds on the basis of amino- or
amido-methylation of the highly reactive phos-
phonites 1,3-5,9 with N-chloromethylamines, N-
chloromethylamides, and N,N-dimethylcarbamoyl
chloride. These reactions proceed under mild condi-
tions in methylene chloride and form phosphinates
25,28,34-47 in high yields (Eq. (11)).

Me (33)

MesSi (Jﬁ':

0 CHoNR;

25,28,34-36

= Me;SiCl

o CHyCHACOOSiMes
Messiopz SH2tH:2 3
e 1~ C(O)NMe;

37

/N
MR: = ME: (25), N 0 (28). N{ACIMe (34), (35, N (36)
N/ N—L&O0
o

CHHNR, _X
(Me;Si0)pPX —— Mc;Si(JPM;\ .
("} CHyNR2
34,59 38—47

{1

; ’ / P
NR; = NMe; (38,39, N (40,43). N 0 (41,44), N{Me)SO:Me (42), NiMe)Ac (45), 1 (46, NICOOENCHZCOOMe (47)
\ ; N 0

Xo= CHyCHICOOMe)CHCOOMe (38), CHCHICOOSR e )CHCOO0SMe: (39), CINCOOMe)CHCOOMe (40-42),

CHCOOSMe: )CHaPh (43=47)
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In contrast, the aminomethylation of the phos-
phonites 8,10,11 with aminals takes place at 120-
130°C in the presence of zinc chloride to form
functionalized phosphinates including carboxyl and
aminomethyl moieties 48-54 (Eq. (12); cf. [8]).

v CHs{NRzh TP ¢
(Me:Si0)PX TMeSNR ML]BI”(II-I;&‘(_'] IR
8,10,11 48-54

(12)
: PN
NR;z = NMe; (48,50,54), N (510, N () (49,52). N(Me)CH,COOF (53)
COODSiMe;

X Tlu (48,49), ('1ut'cnmir~1um'u_~—f:‘f Y (50-53), 4{]@ (54)
0 o

Thus we proposed the convenient synthesis
of trimethylsilyl derivatives of new functionalized
organophosphorus analogues of amino acids in-
cluding various amino and carboxyl groups 1-54
(see Tables 1-3). Trimethylsilyl esters of several
functionalized organophosphorus acids were useful
for obtaining the series of water-soluble acids and
their sodium salts (cf. [5-7]). So O-trimethylsilyl-
substituted phosphonites 1-11 smoothly react with
diluted solutions of sodium methylate in methanol,
giving stable crystalline sodium salts of function-
alized 2-carboxyalkylphosphonous acids 55-65 (see
Table 4; Eq. (13)).

nMeONa, mMeOH

-6, 8- —_— - MNaO.. ...
1-6, 8-11 o MesoMe H- X
O

55-64

"0O0Na
MeONa, MeOH
23 — (Et0),P
— Me;SiOMe i
0
66
COONa
3 MeONa, MeOH
_—
: i)
-3 Me;SiOMe (NaO)2p
O
67
(14)
nMeONa, MeOH X
14-18 — o wNaoPl
—nMe;SiOMe I(') CH>CH,COONa
68-72
COONa.

X= 4 b (68), ,[iqlclb—D (69), _<:I©rm
N cooNa ¢
(CHy)SiEts (71), @ (72)

X = CH:CHsCOONa (55), CH-CHNHAC)COONa (56), CHaC HIC H:COOMe)C00Me (57), CHyCHICH,COONa)COONa (58),

CHCOOMe)CHCOOMe (539), CHCOONa)CH,COOMNa (60), ; }_:n {61), CH{COOMNaM_HsPh (62),
(8]

COONa

(..'II[(.‘U(}lh'zl:n{.'iI;—éI|I 1\5 (63), @ (64)
{

2 MeONa, 2 MeOH
7 L'—- NaO-
—4 MesSiOMe

65

Also the treatment of phosphonates 23,24 and
phosphinates 14-18 with diluted solution of sodium
methylate in methanol results in formation of water-
soluble sodium phosphonates 66,67 and sodium
phosphinates 68-76 as white hygroscopic crystals
(Eq. (14)).
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MeOOC ﬁ'()()Mc

| -ONa
H,RLHCH]‘IHH“
0 QO

(13)

Also phosphonate 21 and phosphinates 13,
25-33 were easily transformed to corresponding
organophosphorus acids 77-88 via treatment with
methanol in high yields (Eq. (15)).
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nMeONa, MeOH X
s M. =
50-52,54 —esiome NaOPS. R,
QT
73-76
NR: = NMe: (73,76, N WL N 078
NS
COONa

X = CHICOONa)C] |_\—£’f Y (7378, m (76)
[§]

MeOH
21— (E10)2pCH,CH;CO0H

= MeySiOMe
2 77
(15)
nMeOH CHzX
1325-33 —— »  popl
—nMeySiOMe {‘-|) CHACHACO0H
T8—-88

X = CHCOOH (78), NEz (79), NPrs (80), w/_—>um N 0 (82). » (83),
AN NS
{ .f i (84), NH; (85),
N—LCooMe

cn;—( ) (86), (.'II-CN (87), ul;@—m (H4)
b N 7 i h

Synthesized acids and salts 66-88 are white hy-
groscopic crystals (acid 77 is thick oil; see Table 5)
and may be used as water-soluble ligands in promis-

ing catalytic complexes as well as biologically active
compounds (cf. [3, 4]). The elemental analysis data
of some synthesized compounds are summarized in
Table 6.

EXPERIMENTAL

The 'H, 13C, and 3'P NMR spectra were registered on
the Varian VXR-400 and Bruker Avance-400 spec-
trometers (400, 100, and 162 MHz, respectively) in
CDCl; (1-54) or D,0O and (CD;),SO (55-88) against
TMS ('H, 3C) and 85% H;PO, in D,0 (*'P). All reac-
tions were carried out under dry argon in anhydrous
solvents.

O, 0-Bis(trimethylsilyl)-2- (trimethylsiloxycarbonyl)-
ethylphosphonite (1). A solution of 6 g of
trimethylsilyl acrylate in 20 mL of methylene
chloride was added dropwise with stirring and
cooling to 10°C to a solution of 9 g of phosphine A in
60 mL of methylene chloride. The reaction mixture
was kept for 24 h at 20°C, the solvent was then
removed, and the residue was distilled in a vacuum
to obtain 10.1 g of phosphonite 1.

Phosphonites 2-7 were prepared similarly.

TABLE 1 Yields, Product Constants, and NMR Spectral Data for the PC'H,,C2H,C® Fragments?2 (8, ppm; J, Hz) of Phospho-
nites 1-114
Compound  Yield (%)  Bp (°C) (p, mmHg) ~ §(C')(d) 'Jpc  8(C?)(d) 2Jec  8(C°)(d)  %Jec  8(P)(s)
1 68 86 (1) 36.41 25.8 27.74 13.0 173.63 9.0 159.49
2b 83 146 (1) 4416 32.3 49.53 11.6 173.25 5.7 156.87
3 83 126 (1) 42.28 30.2 35.00 11.3 36.21 6.5 155.58
4 81 133 (1) 42.46 30.3 36.82 11.6 38.19 7.2 156.35
5 89 115 (1) 52.02 38.9 27.99 12.1 172.73 7.4 145.55
6 83 127 (1) 53.89 38.2 30.39 14.1 172.72 9.1 146.63
7 74 148 (1) 54.15¢ 16.1 54.15 16.1 169.7649 6.6 144.62
52.75°¢ 491 52.75 13.0 168.93 <1 146.83
8 74 122 (1) 41.59 24.6 26.90 14.5 176.63 4.6 146.29
9 89 121 (1) 53.31 28.8 34.83 18.1 138.12 7.8 151.52
10 89 126 (1) 46.24 28.9 32.27 15.0 152.44 8.9 144.55
119 87 152 (1) 52.72 29.5 32.16 23.9 172.61 <1 159.38

aAll signals of alkyl, aryl, furyl, and trimethylsilyl groups are in the standard area. The 'H NMR signals of the protons of the groups C'H,,C?H,,C®
are multiplets. According to the NMR spectra, compound 7 is a mixture of two stereoisomers. Their ratio was determined from the 'H NMR
and 3'P NMR spectra as 60:40. The spectral parameters of the major isomer are given first. Fragments COOR in '*C NMR spectra, d, 3Jpc, 3:
174.65, 4.8, and 171.50 s; 4: 175.07, 5.9, and 171.90 s; d, 2Jpc, 5: 170.57, 6.4; 6: 170.29, 6.6; 9: 172.44, 11.1;10: 172.62, 9.1.

bFragment NHC(O)Me. In "H NMR spectra: 1.82 s (Me), 7.22 d (NH, 3Jyy 7.6). In '3C NMR spectra, s: 22.73 (Me), 169.43 [C(O)N]].

°, "Jpe = 2dpc.

%, 2Jpc = 3Jpc.

ed. d.

f Fragment CH,O: 8¢ 66.68 d, 2Jpc 16.8.
3

“00SiMe;

9Fragment

,in 13C NMR spectra: 32.16 d (C*, 2Jpc 23.9), 144.84 d (C5, 3Jrc 9.4), 141.73 d (C%, 3Jpc4.2).

Heteroatom Chemistry DOl 10.1002/hc
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TABLE 2 Yields, Product Constants, and NMR Spectral Data for the PC'H,C2H,C3(0) Fragments? (8, ppm; J, Hz) of
Phosphinates 12-19, 32, 33 and Phosphonates 20-24

Compound  Yield (%) Bp (°C) (b, mmHg) ng s(Chd "dpe  8(C?%)d 2dpc  8(C%d Sdpc  8(P)s
12 64 155 (2) 1.4455 25.77 94.4 28.73 <1 172.54 14.4  43.86
24.64b 93.6 72.68 9.2 152.63 11.7
13 88 135 (1) 1.4480 25.68 941 28.68 3.0 172.54 149 43.46
14 81 186 (1) 1.4610 23.12 95.8 27.90 3.9 171.22 144  39.67
23.25 95.8 27.43 <1 17120 111 39.84
15 76 178 (1) 1.4640 23.27 96.4 27.50 <1 171.64 17.0 38.53
22.52 95.8 27.28 <1 171.63 18.3 39.30
16 83 197 (1) 1.4969 23.80 93.6 27.81 <1 ¢ - 44.21
23.46 941 27.88 <1 ¢ - 4417
17 80 163 (2) 1.4522 24.51 91.5 28.83 <1 172.76 13.8 44.04
18 82 178 (1) 1.4932 22.13 93.0 27.63 1.2 17190 153 4543
19 86 187 (1) 1.4817 25.72 92.5 28.81 2.5 172.62 15.2 42.45
29.734 92.9 30.67 3.0 160.78 14.3
20 74 95 (1) 1.4375 23.97% 1419 72.75 10.3 152,70 13.8 27.09
21 78 104 (2) 1.4310 21.16 143.2 29.35 4.0 172.27 179 27.82
22 64 155 (1) 1.4565 30.98 151.6 27.93 4.2 17416 123 23.37
23 83 173 (1) 1.4888 36.52 147.2 52.35 <1 171.29 58 28.75
24 86 165 (1) 1.4771 38.35 152.9 52.94 5.8 171.63 9.3 11.09
32 81 192 (2) 1.4869 25.27 92.6 28.73 <1 172.66 146 41.32
30.787 92.0 27.56 <1 150.09 21.6
33 88 185 (1) 1.4811 24.32 93.7 27.56 <1 17153 15.0 41.78
30.86¢ 92.0 24.14 <1 132.31 15.0

aAll signals of alkyl, trimethylsilyl, aryl, and heterocyclic groups are in the standard area. The 'H NMR signals of the protons of the groups
C'H,C?H,C?(0) are multiplets. According to the NMR spectra, compounds 14—16 are mixtures of two stereocisomers. Their ratio was determined
from the '"H NMR and ®'P NMR spectra as 60:40 for 14,16 and as 55:45 for 15. The spectral parameters of the major isomer are given first. In '*C

L. ﬁl!(lh@

NMR spectra, fragments: O Oor 14, 5, 33.87 d (C', "Jpc97.6), 27.03 s (C?), 171.21 d (C?, 3Jpc11.5), 65.75 s (C%); € OOSiMe;
for 15, first isomer, 37.09 d (C', 'Upc93.2), 32.82 s (C?), 148.92 d (C?3, 3Jpc7.6), 170.30 d (C*, 2Jpc16.5), second isomer, 38.07 d (C', 1Upc93.1),
3

"00SiMes

33.26 s (C?), 148.92 d (C?, 3Jpc5.4), 170.22 d (C*, 2Jpc16.7); for 16, firstisomer, 39.42 d (C', 'Upc93.2), 52.17 s (C?), 32.13

s (C*), 141.26 d (C%, 3Jpc6.8) and 138.80 d (C®, 3Jpc7.1), second isomer, 39.70 d (C', 'Jpc96.6), 51.68 d (C2, 2Jpc6.4), 31.69 s (C*), 141.96
d (C5, ®Jpc 6.4) and 138.99 d (C?, 3Jpc6.4), 171.68-172.05 m (C?) for two isomers; for 23, 36.52 d (C', 'Jpc147.2), 52.35 s (C?), 32.16 s (C*),
140.97 d (C®, 3Jpc10.8), and 138.75 d (CF, 3Upc9.9), 171.29 d (C?, *Jpc5.8); for 24, 38.35 d (C', 'Jpc152.9); 52.94 d (C?, 2Jpc5.8), 32.84 s (C*),
141.44 d (C5, 3Jpc7.7) and 139.13 d (C°, 3Upc7.4), 171.63 d (C?, ®Jpc9.3); C'H.C?H,Si for 17, 24.47 d (C', 1Jpc91.6); 2.60 d (C?, 2Jpc7.4);

2 3
100
for 18, 37.33 d (C', 'Jpc98.6); 32.80 s and 32.82 s (C?), 140.90 s (C?); CH,O for 22, 66.28 s.

bFragment PC'H,C2H=C?.
©171.68—-172.05 m, two C=O0 groups from two stereoisomers.
“Fragment PC'H,C?H,C},.

O, O-Bis(trimethylsilyl)-2-oxotetrahydrofur-4-ylph-
osphonite (8). A solution of 124 g of -
crotonolactone in 20 mL of methylene chloride
was added dropwise with stirring to a solution of
37 g of phosphine A in 50 mL of methylene chloride.
The resulting mixture was stirred for 1 h, the solvent
was removed by distillation, and the residue was
heated for 1 h at 100°C and then distilled to obtain
32 g phosphonite 8.

O, O-Bis(trimethylsilyl)- 1-trimethylsiloxycarbonyl-
2-phenylethylphosphonite(9). A mixture of 13.5 g

Heteroatom Chemistry DOl 10.1002/hc

of phosphine A, 14.2 g of trimethylsilyl cinnamate,
and 0.2 g of azobis(isobutyronitrile) was heated at
100-130°C for 1.5 h and then distilled in a vacuum
to obtain 24.6 g of phosphonite 9.

Phosphonites 10,11 were prepared similarly.

O-Trimethylsilyl-2-(trimethylsiloxycarbonyl)ethyl-
3,3-bis(trimethylsiloxy)propen-2-ylphosphinate (12).
A solution of 5.1 g of trimethylsilyl acrylate in 15 mL
of methylene chloride was added dropwise with
stirring and cooling to 10°C to a solution of 8.9 g
of phosphonite 1 in 50 mL of methylene chloride.
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TABLE 3 Yields, Product Constants, and NMR Spectral Data for the PC'H,C2H,C?® and PC*H,NFragments? (8, ppm; J, Hz)
of Aminomethyl Phosphinates 25—-31, 34-54

Compound  Yield (%) Bp (°C) (o, mmHg) nZ (Mp,°C) 8(C')d 'Jec 8(C")s 8(C3)d %Jec 8(CHd 'Jpo (P)s

25 81 126 (2) 1.4485 2443 934 2899 17284 150 5358  116.3 39.49
26 86 151 (4) 1.4510 2433 897 28.89 17274 153 5477 1153 39.52
27 86 175 (4) 1.4610 2565 880 2861 17247 155 5882 1145 40.05
28 83 167 (3) (52) 2429 953 2878 17271 153 5843  113.7 39.50
29 86 152 (1) 1.4650 2435 935 2896 17283 152 5810 1152 39.41
30 79 180 (2) 1.4655 2795 993 2896 17219 157 5429 1243 41.09
2801 976 2890 172.05 158 5421 1224 39.06
31 87 140 (1) 1.4558 2432 863 28.95° 17261 136 4593 1052 38.55
34 74 151 (2) 1.4595 2512 916 28.69 17272 164 4703 103.8 37.51
35 78 181 (1) 1.4710 2352 931 2742 17168 169 4201 1052 37.35
36 81 192(1) 1.4708 2478 915 2872 17271 162 4771 1045 37.74
37 87 152 (1) 1.4581 2531 103.6 29.14 17248 157 169.13° 1565 23.46
38 89 141 (1) 1.4590 29.04 934 3473 3522 51 5827 1153 37.89
2866 932 3498 3527 54 5870 1151 37.97
39 81 157 (1) 1.4510 2872 934  36.40° 3714 39 5909 1148 3872
29.07 936 3658 3760 4.0 58.66 1150 38.57
40 74 160 (1) 1.4652 41.07 797 2902 17147 155 5674  121.4 31.90
4372 797 3058 171.09 162 56.35 118.3 32.11
a 78 165 (1) 1.4535 4097 804 2888 17147 157 5621 1221 31.25
4389 80.6 30.65 17130 17.0 5584  119.2 31.08
42 80 205 (2) 1.4680 4181 799 2876 17090 152 47.92 1149 2855
4298 807 30.06 170.64 167 47.15  112.8 29.02
43 83 175 (1) 1.4965 4280 885 36.09 137.63 62 5747 1148 36.51
4424 880 3619 13735 36 56.65 113.8 37.48
44 85 181 (1) (45) 4279 890 3594 13738 62 5678 113.2 3599
4412 887 3608 13701 40 5614 112.6 36.80
45 80 206 (3) 1.4972 4320 867 36.15 13656 6.0 4621  101.3 34.92
4386 870 3590 13612 3.4 4555 102.5 33.87
46 85 193 (1) 1.4981 4295 868 36.01 13642 7.3 4201 1025 34.10
4388 877 3589 13613 42 4175 104.0 33.02
47 78 204 (1) 1.4850 4217 880 3612 13625 7.2 4635 103.7 35.16
4320 873 3570 13610 4.6 4571  104.6 33.93
48 68 162 (1) 1.4635 33.85 989 28.08 17462 104 57.3¢ 1181 36.01
3397 995 2815 174.82 123 5748 117.7 36.81
49 69 195 (1) (65) 33.88 100.0 28.07 17440 93 5627 121.8 34.91
3361 972 2796 17469 93 5639 1155 3567
50 74 143 (2) 1.4665 34.88 92.0 3222 14949 88 56.09 1172 34.16
37.34 912 3313 14927 6.7 5580 1165 34.49
51 72 175 (1) 1.4755 3534 91.8 3264 14985 80 56.07 1168 34.66
3775 91.4 3370 14973 6.2 5577 1167 34.84
52 78 183 (2) 1.4750 3536 927 3259 14977 7.8 5597 1161 34.00
37.81 922 3374 14953 6.9 5541  111.0 34.02
53 78 186 (1) 1.4702 3520 911 3281 14988 7.8 5335 1161 34.44
3761 909 3357 14961 6.9 53.09 1155 34.86
54 81 186 (1) (67) 3889 960 5323 171.86 <1  57.64 1131 41.14

38.54 96.5 5183 171.92 <1 57.54 113.6 39.85

aAll signals of alkyl, trimethylsilyl, aryl, and heterocyclic fragments are in the standard area: the signals of these fragments are multiplets
and partially or completely overlap. The signals of the diastereotopic protons of the methylene groups C*H, of 25-31, 34-36, 38-54 are
characteristic ABX multiplets in the range 2—-3 ppm. In the spectra of the stereoisomers of phosphinates 30, 38-54, the signals of these protons
partially overlap. According to the NMR spectra, compounds 30, 38-54 are mixtures of two stereoisomers. Their ratio was determined from
the "H NMR and ®'P NMR spectra as 55:45 for 39,53; 60:40 for 30,38,40,42,48,50,52,54; 65:35 for 41,49,51; 70:30 for 43—-47. The spectral
parameters of the major isomer are given first. In '*C NMR spectra, fragments COOR, §¢, 30: 173.39 s, and 173.25 s; 38: 170.83 s, 172.99
d, 3Jpc5.8, and 173.10 d, 3Jpc5.9, 170.90 s; 39: 171.49 s, 173.61 d, 3Upc4.2 and 171.43 s, 173.46 d, 3Jpc5.1; 40: 168.94 s, and 169.11 s; 41:
168.87 s, and 169.19 s; 42: 168.15 s, and 168.13 s; 43: 171.58 d, 2Jpc17.5, and 171.65 d, 2Jpc16.3; 44: 171.50 d, 2Jpc17.3 (the signals of
the stereoisomers coincide); 45: 171.31 d, 2Jpc18.7, and 171.13 d, 2Jpc18.7; 46: 171.28 d, 2Jpc17.7, and 171.05 d, 2Jpc17.9; 47: 171.19 d,
2Jpc18.4, and 170.95 d, 2Jp:18.6, 169.81 s (COOMe for two stereoisomers); 50: 170.18 d, 2Jpc16.5, and 170.27 d, 2Jpc16.9; 51: 170.68 d,
2Jpc16.5, and 170.79 d, 2Jpc16.5; 52: 170.72 d, 2Jpc16.5, and 170.76 d, 2Jpc16.7; 53: 170.74 d, 2Jpc13.8, and 170.90 d, 2Jpc15.9, 169.88 s,
and 169.83 s (COOE); fragment NC(O), 8¢, 34: 169.58 s; 35: 174.17 s; 36: 174.52 s; 45: 169.88 s and 170.0 s; 46: 174.0 d, 3Jpc2.7, and
3

"O0SiMes
5

173.93 d, 3Jpc3.1; 47: 156.14 s, and 156.2 s; fragment CH,OC(O), §¢, 48: 66.73 s; 49: 66.80 s; fragment of 54, §¢: firstisomer,
32.10 s (C*), 141.25d (C®, 3Jpc7.1) and 139.39 d (C®, 3Jpc6.1), second isomer, 31.85 s (C*), 141.56 d (C®, 3Jpcb. 9) and 139.14 d (C5, 3Jpc7.1).
bd, 2Jpc, 28: 3.1; 31: 3.0; 38: 3.8; 39: 4.2.

°Fragment PC(O)NMe,, two nonequivalent Me groups: 8y 3.08 s and 2.50 s; §c 36.16 s and 34.57 s.
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TABLE 4 Yields, Product Constants, and NMR Spectral Data for the HPC'H,,C2H,,C® Fragments?2 (5, ppm; J, Hz) of Sodium
Phosphonites 55-652

Compound Yield (%) 8(H) PH, d "JpH SJHH s(Cd "Jpc 8(C?)s s(C3d 3Jpc 5(P) sP
55 97 6.95 510.2 <1 30.78 86.7 91.97 181.74 11.5 27.57
56 96 6.96 517.6 <1 32.33 88.2 47.41 176.90 12.1 21.98
57 94 7.02¢ 515.2 1.8 33.58 88.1 36.51 36.99 8.3 21.81
58 96 6.94°¢ 509.2 1.6 34.95 89.3 41.04 42.57 11.4 25.58
59 97 7.07 5141 <1 44.57 92.5 26.75 177.83 10.7 22.86
60 95 6.98 506.7 <1 43.29 91.6 2714 177.57 11.2 26.48
61 96 6.90¢ 521.2 1.6 36.13 92.7 28.63 181.11 10.6 24.13
62 97 6.82 518.8 <1 45.17 84.3 33.77 136.62 6.2 36.40
63 95 6.84 515.6 <1 40.24 86.4 34.29 151.48 7.3 24.89
64 97 7.12¢9 527.2 4.0 43.95 98.9 55.05 180.44 4.6 31.74
65 97 717 522.4 <1 47.26 88.7 € 175.13 12.0 29.02

aThe salts 55-65 are very hygroscopic crystals; therefore, their melting points were not measured. In '"H NMR spectra, all signals of the alkyl,

aryl, and furyl fragments are in the standard area; the signals of these fragments are multiplets and partially or completely overlap. In *C NMR

spectrum, fragment NC(O) of 56; §c 171.78 s; fragments COOR, §¢, d, 57: 177.32, 3Jpc9.1, and 174.86 s; 58: 183.57, 3Jpc7.8, and 181.32 s;
3

COONa
2 5

59: 175.49, 2Jpc4.5; 60: 175.74, 2Jpc5.2; 62: 177.05, 2Jpc17.5; 63: 180.04, 2Jpc17.5; fragment CH,O of 61, §¢ 68.99 s; fragment i 3
of 64, 8c: 55.05 d (C?, 2Jpc 9.5); 32.84 s (C*); 143.48 d (C®, 3Upc13.5), and 144.78 d (C®, 3Jpc11.8).

bData of 3'P{'H} spectra.
ad. t.

C' = C2.

The reaction mixture was kept for 24 h at 20°C,
the solvent was then removed, and the residue was
distilled in a vacuum to obtain 8 g of phosphinate
12.

O-Trimethylsilyl-bis[2-(trimethylsiloxycarbonyl)-
ethylphosphinate (13). A mixture of 5 g of phos-
phinate 12 and 2.8 g of diethyl phosphite was heated
at 100°C for 1 h and then distilled in a vacuum to
obtain 3.8 g of phosphinate 13.

Phosphinate 21 was prepared similarly.

O-Trimethylsilyl-2-(trimethylsiloxycarbonyl)ethyl-
[2-(2-furyl)-1-(trimethylsiloxycarbonyl)ethyl Jphosph-
inate (15). A solution of 2.5 g of trimethylsilyl
acrylate in 5 mL of methylene chloride was added
with stirring to a solution of 7.3 g of phosphonite
10 in 10 mL of methylene chloride. The reaction
mixture was refluxed for 30 min, and then a solution
of 2.4 g of diethyl phosphite in 5 mL of methylene
chloride was added. The solvent was removed, and
the residue was heated to 120°C, and then distilled
to obtain 6.5 g phosphinate 15.

Phosphinates 14,16-19 was prepared similarly.

O,0-Diethyl 3,3-bis(trimethylsiloxy)propen-2-

ylphosphonate (20). A mixture of 5.9 g of diethyl
trimethylsilyl phosphite and 3.1 g of trimethylsilyl
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acrylate was heated at 100-120°C for 2 h and then
distilled to give 5.8 g of phosphonate 20.

Diethyl 2-oxotetrahydrofur-4-ylphosphonate (22).
A mixture of 6.5 g of y-crotonolactone, 20 g of diethyl
trimethylsilyl phosphite, 10 g of diethyl phosphite,
and 0.1 g of zinc chloride was heated at 100-120°C
for 2 h and then distilled to give 10.9 g of phospho-
nate 22.

Phosphonates 23,24 were prepared similarly.

O-Trimethylsilyl-diethylaminomethyl- (trimethyl-
siloxycarbonyl)ethylphosphinate (25). (a) A mixture
of 6.7 g of O-trimethylsilyl diethylaminomethylphos-
phonite [15], 6.2 g trimethylsilyl acrylate, and 3 mL
of pyridine was heated at 110°C for 2 h and then
distilled to obtain 8.9 g of phosphinate 25.

Phosphinates 26-33 were prepared similarly.

(b) A solution of 3 g of N-chloromethyldiethyl-
amine in 15 mL of methylene chloride was added
dropwise with stirring to a solution of 9 g of phos-
phonite 1 in 20 mL of methylene chloride. The mix-
ture was heated to the boil, the solvent was distilled,
and residue was distilled in a vacuum to give 7.7 g
of phosphinate 25 (yield 85%).

Phosphinates 28 (yield 86%) and 34-47 were ob-
tained analogously.



426 Prishchenko et al.

TABLE 5 Yields, Product Constants, and NMR Spectral Data for the PC'H,C2H,C?® and PC*H,NFragments? (8, ppm; J, Hz)
of Sodium Phosphonates 66,67, Sodium Phosphinates 68-76, Phosphonic and Phosphinic Acids 77—-887

Compound  Yield (%) Mp (°C) s8(Chd 'Jpe 8(C3d  2Jpc 8(C?) Sdpc 8(CHd TJpc 8(P)s

66 97 - 36.80 142.0 54.04 6.1  174.96 5.9 - - 32.08

67 96 - 41.83 133.8 56.72 6.3  183.47 5.4 - - 21.46

68 94 - 33.12 95.2 28.01 <1 174.64 7.8 - - 35.37
24.05° 90.8 2693 31 179.07 149

69 96 - 38.54 92.4 35.26 <1 15245 6.3 - - 31.44
26.78° 88.7 2972 40 18212 152

70 97 - 42.89 95.4 5541 119 183.06 5.7 - - 42.03
26,545 887 31.04 64 180.05 15.4

71 95 - 24.59 92.6 2.45 7.2 - - - - 39.98
23.620 90.5 29.03 <1 178.64 14.3

72 98 - 33.65 98.1 34.05 <1 143.94 9.8 - - 39.05
26.342 898 3089 6.1 18094 157

73 96 - 38.70 86.3 34.96 <1 152.60 6.9 5678 1047  32.86

74 95 - 39.77 86.0 35.37 <1 152.70 6.1 5659 101.1 32.57

75 97 - 39.27 87.1 35.26 <1 152.59 6.2 5623 1037 3250

76 97 - 42.04 94.8 5541 125 181.87 49 57.39 1003  37.64

77 96 o] 20.39 144.2 26.75 <1 17374 182 - - 28.61

78¢ 96 159 23.32 92.2 26.40 <1 17636 15.0 - - 57.15

79 97 185 28.72 98.8 2968 7.5 180.00 14.6 53.22 845  26.85

80 96 145 28.82 99.2 29.71 86 179.93 152 5414 837 26.76

81 98 220 26.36 99.0 2724 39 17749 141  55.21 83.6  31.37

82 96 167 27.05 99.3 27.91 34 17818 144 56.18 82,5  30.88

83 98 198 27.38 99.1 28.36 3.1 17848 149 56.75 81.76 26.79

84 95 152 26.97 99.8 29.04 36 17682 150 5298 89.4 2542

85 95 168 24.42 97.1 27.01 31 17731 138 37.57 90.9  29.45

86 95 Oil 28.32 88.5 27.60 <1 156.65 13.7 - - 38.16
24.95b 92.6 26.67 <1 17751 1541

87 96 89 29.31 93.0 27.72 <1 16436 147 - - 39.04
25.80° 92.0 28.92 <1 17474 151

88 97 168 30.06 89.7 25.03 <1 13951 152 - - 39.27
24.96b 91.4 27.64 <1 17789 152

4The salts 66—76 are very hygroscopic crystals; therefore, their melting points were not measured. All signals of alkyl, aryl, and heterocyclic
3
COONa
]
1

fragments are in the standard area. In '"H NMR, the signals of presented fragments are multiplets. Fragment i - , 66, 3¢, 32.78 s
(C*), 141.64 d, ®Jpc9.1 and 143.49 d, 3Jpc9.7 (C®); 67, 8y, 4.11 d. d (C?H, 2Jpi16.0, 3Jpn7.2), 8¢ 35.03 s (C*), 143.93 d, 3Jpc7.6 and 144.31 d,
8Jpc7.6 (C®); 70, 84, 4.09 d. d (C?H, 3Jpn16.2, 3Jyn7.6), 8¢ 32.17 s (C*), 140.02 d, 3Jpc6.7 and 142.91 d, 3Jpc6.8 (C®); 76, 8u, 4.06 d. d (C?H,
8Jpn15.6, 3Uhn7.2), 8c 32.58 s (C*), 142.90 d, 3Upc6.6 and 142.97 d, Jpc7.2 (CP). Fragment CH,OC(O) of 68, 5:66.28 s. Fragment COONa, §c,
69: 179.95 d, 2Jpc14.8; 73: 180.43 d, 2Jpc15.2; 74: 180.51 d, 2Jpc15.3; 75: 180.47 d, 2Jpc1|5.8. Fragment PCH;N, 8y, d (3Jpn), 76: 2.56 (8.4),

3 /: 5
1 2
79: 3.07 (8.4), 80: 3.11 (8.0), 81: 3.20 (8.2), 82: 3.21 (8.4), 85: 3.55 (7.8). Fragment N C OOMe of 84, 84, 3.67 d. d (C'H, ®Jiua8.6,
8 i56.4), 5 66.64 d (C', 3Jpc 8.9), 171.65 s (C?), 54.92 d (C?, 3Jpc2.8), 23.59 s (C*), 27.54 s (C5).
bFragment PC'H,C?H,C3(0)
cf. [16].

O-Trimethylsilyl diethylaminomethyl 2-oxotetra-
hydrofur-4-ylphosphinate (48). A mixture of 6 g of
phosphonite 8, 2.7 g of bis(dimethylamino)methane,
and 0.1 g of zinc chloride was heated at 110-120°C
for 1.5 h and then distilled to obtain 3.9 g of phos-
phinate 48.

Phosphinates 49-54 were prepared similarly.

Sodium 2, 3-bis(methoxycarbonyl)propylphospho-
nite (57). A solution of 14.7 g of phosphonite 3 in

10 mL of ether was added with stirring at 10°C to a
solution of 2.2 g of sodium methylate in 50 mL of
methanol. The resulting mixture was heated to the
boil, the solvent was removed, and the residue was
kept in a vacuum (1 mmHg) for 1 h to give 9.3 g of
salt 57 as colorless hygroscopic crystals.

The salts 55,56,58-76 were obtained similarly.

Diethylaminomethyl  2-carboxyethylphosphinic
acid (79). A solution of 8 g of phosphinate 25 in
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TABLE 6 Elemental Analyses Data of Synthesized Compounds?

Calcd. (%) Found (%)

Compound Empirical Formula Formula Weight C H C H

12 C1gH4306PSiy 498.85 43.34 8.89 43.05 8.52
13 C15H3506PSi3 426.74 42.22 8.27 41.94 8.09
14 C13H2706PSis 366.50 42.60 7.43 42.28 7.26
15 C19H3707PSij 492.73 46.32 7.57 46.03 7.49
16 CooH390gPSi3 514.78 51.33 7.64 51.15 7.58
17 C17H4104PSij 424.73 48.08 9.73 47.92 9.64
18 C1gH3104PSis 398.58 54.24 7.84 53.99 7.75
19 C16H3p0NO4PSI» 387.55 49.59 7.80 49.28 7.67
20 C13H3105PSis 354.60 44.04 8.81 43.69 8.70
21 C1oH2305PSi 282.34 42.54 8.21 42.38 8.29
22 CgH1505P 222.18 43.25 6.81 42.92 6.74
23 C17H2705PSi 370.44 55.12 7.35 54.89 7.26
24 C19H3505PSi3 458.72 49.75 7.69 49.57 7.62
25 C14H34NO4PSi» 367.70 45.74 9.32 45.59 9.12
26 C16H3gNO4PSis 395.63 48.58 9.68 48.40 9.57
27 C15H34NO4PSi» 379.51 47.46 9.03 47.21 8.87
28 C14H32NO5PSis 381.66 44.07 8.45 43.86 8.28
29 C16H3sNO4PSi» 393.61 48.82 9.22 48.68 9.14
30 C16H34NOgPSia 423.60 45.37 8.09 45.22 8.03
31 C16H42NO4PSiy 455.83 42.16 9.29 41.97 9.07
32 C16H30NO4PSI» 387.55 49.59 7.80 49.26 7.62
33 C17H35NO4PSi» 401.58 50.85 8.03 50.70 7.91
34 C13H39NO5PSis 367.52 42.48 8.23 42.26 8.09
35 C14H3pNO5PSI» 379.53 44.30 7.97 4412 7.83
36 C16H34NO5PSIs 407.58 4715 8.41 46.95 8.29
37 C12HogNO5PSIn 353.49 40.77 7.98 40.63 7.86
38 C13H2gNOgPSi 353.43 4419 7.98 43.97 7.89
39 C17H4o0NOgPSI 469.75 43.47 8.58 43.28 8.49
40 C15H30NOgPSi 379.48 47.48 7.97 47.26 7.86
41 C14HogNO7PSi 381.45 44.08 7.40 43.92 7.26
42 C12H26NOgPSSi 403.49 35.72 6.50 35.59 6.40
43 Co1H3gNO4PSI» 455.41 55.35 8.41 55.12 8.26
44 CogH36NO5PSis 457.50 52.49 7.93 52.31 7.82
45 C19H34NO5PSI» 443.91 51.44 7.72 51.28 7.64
46 CogH34NO5PSis 455.71 52.72 7.52 52.58 7.41
47 CooH3gNOgPSis 531.94 49.69 7.20 49.52 7.03
48 C10H2oNO4PSi 279.35 43.00 7.94 42.83 7.89
49 C12H24NO5PSiI 321.39 44.86 7.53 44.59 7.38
50 C16H32NO5PSis 405.58 47.38 7.95 47.05 7.81
51 C19H3gNO5PSia 445.64 51.21 8.14 51.03 8.06
52 C1gH34NOgPSis 447.62 48.30 7.66 47.98 7.52
53 C19H3gNO7PSiz 477.64 47.78 7.60 47.69 7.53
54 C19H34NO4PSis 427.63 53.37 8.01 53.12 8.06
55 C3HsNa,O4P 182.02 19.79 2.77 19.60 2.80
56 CsHgNNa>OsP 239.08 25.12 3.37 24.93 3.50
57 C7H12NaOgP 246.13 34.16 4.91 33.97 4.98
58 CsHgNagOgP 262.05 22.92 2.31 22.68 2.26
59 CgH1oNaOgP 232.11 31.05 4.34 30.87 4.28
60 C4H4NazOgP 248.01 19.37 1.62 19.20 1.65
61 C4HgNaO4P 172.05 27.92 3.52 27.59 3.65
62 CgHgNa,O4P 258.12 41.88 3.51 41.72 3.47
63 C7H7NayOsP 248.09 33.89 2.85 33.68 3.03
64 C1oHgNa>O4P 270.13 44 .46 3.36 44.28 3.43
65 CgH1oNaxOgP2 318.08 22.66 3.17 22.52 3.23
66 C14H1gNaOsP 320.25 52.51 5.66 52.33 5.59
67 C10HgNazOs5P 308.11 38.98 2.62 38.83 2.67
68 C7HgNa-OgP 266.10 31.60 3.41 31.49 3.34

(Continued)
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TABLE 6 Continued

Calcd. (%) Found (%)

Compound Empirical Formula Formula Weight C H C H

69 C10H10NazO7P 342.13 35.11 2.95 34.97 3.01
70 C13H12NazOgP 364.17 42.88 3.32 42.65 3.26
71 C11H23NaxO4PSi 324.34 40.74 715 40.59 7.09
72 C12H13NasO4P 298.18 48.34 4.39 48.23 4.30
73 C10H14NNaOsP 305.18 39.36 4.62 39.23 4.55
74 C13H1gNNa>O5P 345.24 45.23 5.25 44.98 5.12
75 C12H1gNNaoOgP 347.21 41.51 4.65 41.29 4.68
76 C13H1gNNasO4P 327.23 47.72 493 47.61 4.98
77 C7H505P 210.29 40.00 719 39.75 7.24
78 CeH1106P 210.13 34.30 5.28 34.20 5.30
79 CgH1gNO4P 223.12 43.08 8.13 42.86 8.10
80 C10H22NOgP 251.08 47.80 8.83 47.67 8.61
81 CgH1gNO4P 235.28 45.95 7.71 45.71 7.65
82 CgH16NOsP 237.21 40.51 6.80 40.39 6.82
83 C10H2oNO4P 249.25 48.19 8.09 47.94 7.93
84 C19H1gNOgP 279.23 43.01 6.50 42.81 6.45
85 C4H1oNO4P 167.10 28.75 6.03 28.64 6.08
86 C1oH14NO4P 243.21 49.38 5.80 49.23 5.64
87 C10H14NO4P 243.21 49.38 5.80 49.12 5.59
88 C11H1gNO4P 257.24 51.36 6.27 51.06 6.03

4The other compounds are unstable in the air atmosphere; therefore, these substances were analyzed as their sodium salts.

20 mL of diethyl ether was added dropwise with
stirring at 10°C to 30 mL of methanol. The resulting
mixture was heated to boil, the solvent was distilled
in a vacuum, and the residue was kept in a vacuum
(1 mmHg) for 1 h to give 4.7 g of acid 79 as colorless
hygroscopic crystals.

The acids 77,78,80-88 were obtained similarly.
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