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a-Aminoarylmethanephosphonic acids have been prepared with a range of fluoro, fluoroalkyl, or fluo-
roalkoxy substituents in the benzene ring (4-F, 3-F, 2-F, 3,4-F,, F;, 4-CF,;, 3-CF,, 4-CF;0, and 3-CF;0).
These compounds have relatively low aqueous solubility and their NMR spectra (‘H, "°C, *'P and "F)
were therefore recorded in D,O in the presence of an excess of alkali. Under these conditions, the ring
substituents appear to have little effect on 8, (15-18 ppm), or on the 'H and “C parameters for the
benzylic group (a-CH), which are mainly in the ranges observed for other types of a-aminoarylmeth-
anephosphonic acids under alkaline conditions (8, 3.8-4.0 ppm, “Jpy 15.3-16.5 Hz, & 57-58 ppm,
'Jec 128132 Hz). For those examples with fluorine in the ortho position (i.e., the 2-fluoro and penta-
fluoro derivatives) a slightly higher field chemical shift was observed for the benzylic carbon atom (8¢
50-51 ppm). In the fast-atom bombardment mass spectra, pseudo-molecular ions, MH", and ions re-
sulting from the elimination of phosphorous acid [MH — H;PO;]", provide a further useful means of
chararacterization for these compounds.

Key words: Fluorinated aminoarylmethanephosphonic acids, dialkyl N-diphenylmethylaminoaryl-
methanephosphonates, NMR spectroscopy, FAB mass spectrometry.

INTRODUCTION

Aminophosphonic acids are of widespread interest as biologically active mole-
cules,'”” as complexing agents for metal ions,® and as building blocks in the synthesis
of phosphonopeptides.”'’ a-Aminoarylmethanephosphonic acids and their esters, the
phosphonic analogues of a-C-aryl-substituted glycine, have been reported by a num-
ber of workers,'' although derivatives with fluorine or fluorinated substituents in the
aromatic ring are uncommon. Such compounds are of interest because of the mod-
ified properties (pK,, lipoidal solubility, etc.), which the introduction of fluorine may
engender. The only previous report concerning a-aminofluorophenylmethanephos-
phonic acids is that of L. Maier et al.,'* who prepared a-amino-4-fluorophenylmeth-
anephosphonic acid and a-amino-3-(4’-fluorophenoxy)phenylmethanephosphonic

§Part of forthcoming dissertation from U. Gruss, Heinrich-Heine-Universitit Diisseldorf 1996.
||Authors for correspondence.
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acid via addition of dialkyl phosphites to N-phenylmethyl protected imines (followed
by hydrogenation and hydrolysis). The same method was used for the synthesis of
diethyl N-phenylmethylamino-2,3-difluoromethylenedioxyphenylmethanephospho-
nate, which was converted into the corresponding diethyl aminophosphonate.'> Other
derivatives related to a-aminofluorophenylmethanephosphonic acids are the N-pro-
tected diethyl amino-4-fluorophenylmethanephosphonates with chiral N-1-phenyl-
ethyl”® and N-2-methoxy-1-phenylethyl groups,'* prepared by the imine method; and
the hydrobromide salt of diphenyl amino-4-fluorophenylmethanephosphonate's'’
(from N-phosphoryl- and N-thiophosphorylaminoarylmethanephosphonates synthe-
sized by amidoalkylation of triphenyl phosphite with the corresponding amides). But
in all these cases conversion to the free a-aminoarylmethanephosphonic acids was
not reported. (Another fluorinated derivative, known in the literature, is a-hydroxy-
amino-4-fluorophenylmethanephosphonic acid,'> prepared by hydroxyamination of
diethyl aroylphosphonate.)

In this paper we describe the preparation of a range of fluorinated a-aminoaryl-
methanephosphonic acids and we discuss their characterization by NMR spectros-
copy (‘H, "C, *'P and °F) and FAB mass spectrometry.

RESULTS AND DISCUSSION

Preparations

Preparations were carried out by one or more procedures, involving reduction of the
corresponding a-oximinophosphonates'® by zinc in formic acid”’ (method A in
Scheme I), amidoalkylation of phosphorus trichloride by a one-step process (method
B with the variations a) and b) in Scheme II),” or a two-step process (method B
with the variation c) in Scheme III,**** or the addition of dialkyl phosphite to an N-
protected Schiff base derived from diphenylmethylamine, followed by hydrolysis
(method C in Scheme IV).'"* These methods have been applied previously in the
synthesis of aminoalkanephosphonic acids of various types and were found to be
suitable in the present work.

Starting materials for the reaction pathway A, the amination of diethyl aroylphos-
phonates (Scheme 1), are fluorinated benzoic acids 1, which were converted nearly
quantitatively to aroyl chlorides 2 by reaction with an excess of thionyl chloride and
catalytic amounts of dimethylformamide at 75°C."**" Arbuzov reaction with a slight
excess of triethyl phosphite at temperatures below 40°C, followed by distillation at
oil pump pressure, led to diethyl aroylphosphonates 3.'>'* These compounds 3 are
sensitive to traces of acids, bases and weak nucleophiles (e.g. water, amines); de-
composition of the P—C bond occurs easily. They were therefore converted im-
mediately into the more stable diethyl hydroxyiminoarylmethanephosphonates 4 by
reaction with hydroxylamine hydrochloride and pyridine in dry ethanol. These com-
pounds 4 were obtained in the form of highly viscous oils or waxy solids (each
consisting of a mixture of E and Z isomers, in which the E form predominates) after
extractive work-up and drying under vacuum at room temperature. Purification of
the diethyl hydroxyiminoarylmethanephosphonates 4 by distillation was not possible,
since decomposition occurs at temperatures above 60°C.">'"* Reduction of the ox-
imes 4 to the corresponding amines 5 was carried out by the use of zinc dust in 99%
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R = H, CHO (not isolated)

No. |Ry
1,2,3,4,5,6a |4-F
1,2,3,4,5,6¢c |2-F
1,2,3,4,5,6d |34F;

SCHEME 1 Synthesis of a-aminoarylmethanephosphonic acids 6. Method A: Amination of diethyl
aroylphosphonates. In the text hydrochlorides of 6 are designated 6'.

formic acid at temperatures below 65°C.”' After filtration and evaporation the re-
maining oils were used for the following hydrolysis step without further punification.
They have not been investigated by 'H NMR spectroscopy, but comparison with
similar processes described in the literature’ **2**® and *'P{'H} NMR spectroscopy
showed that in all cases the oils consisted of mixtures 5§ of diethyl aminoarylmetha-
nephosphonates, aminoarylmethanephosphonic acids and analogous N-formylated
derivatives. Heating of these products with concentrated hydrochloric acid (6-8 h
at 100°C) led to hydrolysis of the phosphonate moiety (and cleavage of the N-formy!
groups) and yielded a-aminoarylmethanephosphonic acid hydrochlorides 6’. After
evaporation of the solvent and repeated dissolving of the remaining oils in ethanol/
water mixtures followed by evaporation, the a-aminoarylmethanephosphonic acids
6 precipitated during heating in boiling water as fine white crystalline solids."
Method A for the synthesis of fluorinated a-aminoarylmethanephosphonic acids 6
produced very clean microcrystalline products, so that additional recrystallization
steps were not necessary. This reaction pathway can be applied for a-aminoaryl-
methanephosphonic acids 6 with fluorinated substituents at any position in the aro-
matic system. A negative point is that the reaction procedure involved six steps with
very long reaction times in some cases. Only the products of the first and the second
step have to be isolated and purified (aroyl chlorides 2 were obtained in nearly
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@- CHO + H,N— ﬁ =R + PCl, /| CH,COOH

ﬁ 2) +HCl  3) +CH,0H, ﬁ
@- (IZH —P(OH), @— (IJH —P(OH),
Ry NH-ﬁ—R’ CsHsN (pH4) Ry NH, p
o 8a/8b
* CH,COOH
No. IR No. Ry R
7,6b  |3-F 8ab 3-F CeHs
7,6e 4-CF3 8 ae 4-CF3 CeHs
7,6f 3-CF3 8 af 3-CF3 CgHs
7,69 4-CF30 8ag 4-CF30 CeHs
7,6h 3-CF30 8 ah 3-CF30 CgHs
8bb 3-F CH3
8 be 4-CF3 CH3
8 bf 3-CF3 CH3
8 bg 4-CF30 CH3
8 bh 3-CF30 CH3

SCHEME II Synthesis of a-aminoarylmethanephosphonic acids 6. Method B: Amidoalkylation of
phosphorus trichloride in one-pot procedures: variation a): with benzamide; variation b): with acetamide.

quantitative yields, while the preparation of the moisture sensitive and high boiling
diethyl aroylphosphonates 3 determined the yield of the whole reaction pathway).
For the following steps, each product can be used in its crude form.

Other methods for the synthesis of aminoalkanephosphonic acids and aminophos-
phonates reported in the literature differ only in the techniques for reduction of the
dialkyl hydroxyiminoalkanephosphonates. They include the use of a) aluminum
amalgam,'>*** b) Zn/Cu couple,”® ¢) B,H, gas in THF* d) BH,*THFE” e) TiCl,/
NaBH[C(O)CH;]; in acetate buffered solution,® and f) catalytic hydrogena-
tion.*? In the present work the use of zinc dust in formic acid” was chosen as
this required only simple reactants, avoided working with gases (method c)* or
£)***%), the preparation of reduction catalysts, the generation of the reducing species
in a separate preceding reaction step (method a)'® or b)*), or employing expensive
complex hydrides (method d)” or e)**).

A one-pot synthesis for fluorinated a-aminoarylmethanephosphonic acids 6 is the
amidoalkylation of phosphorus trichloride in acetic acid solution (method B, varia-
tions a) and b) in Scheme II). For this reaction an excess (up to 40%) of a fluorinated
benzaldehyde 7 was allowed to react with a mixture of equimolar amounts of ben-
zamide a) or acetamide b) and phosphorus trichloride in acetic acid to give the N-
acylaminoarylmethanephosphonic acid 8a,b. After evaporation of the solution the
remaining oil was heated with an excess of concentrated hydrochloric acid to remove
the N-protection group to form the aminophosphonic acid hydrochloride 6’, from
which the a-aminoarylmethanephosphonic acid 6 was precipitated by addition of
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7,9,8b,6a |4-F

SCHEME III Synthesis of a-aminoarylmethanephosphonic acids 6. Method B: Amidoalkylation of
phosphorus trichloride via a two-step reaction.

pyridine in methanolic solution (pH 4) and cooling to —5 to 0°C. The a-aminoar-
ylmethanephosphonic acids 6 were obtained as amorphous powders which were pu-
rified by recrystallization from alcohol/water solutions.*

The application of the different amides in this type of reaction showed different
advantages: with benzamide the formation of the N-acylated aminophosphonic acids
8a, and the N-deprotecting reaction were much quicker than with the use of aceta-
mide. The cleavage of the N-benzoyl group was observable by the precipitation of
benzoic acid, while the final removal of the N-acetyl group had to be determined by
*'P{'H} NMR spectroscopy. Nevertheless, the amidoalkylation reaction with acet-
amide leads in some cases to much better yields for c-aminoarylmethanephosphonic
acids 6 (especially for R; = 4-CF; 6e) than the analogous reaction with benzamide.

Method B (Scheme II) makes it possible to synthesize a-aminoarylmethanephos-
phonic acids 6 in one step without the use of special apparatus and without purifi-
cation of intermediate products. Disadvantages are the need to use an excess of the
expensive fluorinated benzaldehydes 7, long reaction times under drastic acid con-
ditions to split off the N-protection groups, and long crystallization times to precip-
itate the a-aminoarylmethanephosphonic acids 6 from the complex reaction mixtures.
By this type of amidoalkylation reaction in a one-pot procedure only meta- and para-
substituted benzaldehydes 7 can be converted to a-aminophosphonic acids 6 in mod-
erate to good yields; ortho-substituted compounds do not react in this way (as shown
with R, = 2-CF,, 2-CF,0).**

The third variation of method B for the amidoalkylation of phosphorus trichloride
is a two-step reaction (Scheme III). First the fluorinated benzaldehyde 7 was con-
verted into an N,N’-arylidenebis-(acetamide) 9 by heating it with an excess of acet-
amide, followed by crystallization from methanol.*” After isolation of this compound
it was used for the amidoalkylation reaction under moderate conditions at 0—10°C
with equimolar amounts of phosphorus trichloride in acetic acid solution, followed
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1)
§e P-CHO + HN—CH(CHY, § - CH=N—CH(CH),
R R
£ 7 £ 10

2.a),b),c) + HP(O)OR),

0o o)
i 4) +CH,0H, 3. +HCl i
@—(I:H—P(OH)z @—m—momz
Ry NH,

\7/ R¢ NH- CH(CHy),
6 11a),b),¢)

No. R No. R¢ R
7,10,6a |4-F 11 aa 4-F CH3
7,10,6b (3-F 11 ae 4-CF3 CHg3
7,10,6 ¢ 2-F 11 ba 4-F CoHs
7,10,6d |34-F) 11bb 3-F CoHg
7,10,6 ¢ 4-CF3 11 bd 34-Fo CoHsg
7,10,6f 3-CF3 11 be 4-CF3 CoHs
7,10,6g [4-CF30 11 bf 3-CF3 CoHs
7,10,6 h  [3-CF30 11 bg 4-CF30 CoHs
7,10, 61 Fs 1tca 4-F CgHs

11cb 3-F CeHs

11cd 3,4-Fo CgHs

11 ce 4-CF3 CgHs

11 cf 3-CF3 CsHs

11cg 4-CF30 CeHs

SCHEME IV Synthesis of a-aminoarylmethanephosphonic acids 6. Method C: Addition of dialkyl
phosphites to N-diphenylmethyl protected imines.

by heating at 100°C for completion of the reaction. Work-up and N-deprotection of
the N-acetylaminophosphonic acid 8b was achieved in the same way as described
for the one-pot method.****

This two-step procedure is especially suitable for aldehydes sensitive to oxidation,
because these compounds were converted first into more stable derivatives, the N,N'-
arylidenebis-(acetamides), before the amidoalkylation reaction under drastic acid
conditions starts.”>***? This additional step is not a disadvantage, since N,N’-aryli-
denebis-(acetamides) 9 were obtained in high yields in a crystalline state; they can
be employed without purification for the further synthesis, and only equimolar
amounts of the expensive fluorinated benzaldehydes 7 are necessary.

Method B, variation ¢) (Scheme III) was used for one example, namely 4-fluo-
robenzaldehyde 7a, and the yield of a-amino-(4-fluorophenyl-)methanephosphonic
acid 6a obtained was noticeably higher than yields for fluorinated a-aminoaryl-
methanephosphonic acids 6 according to the one-pot procedures (method B, varia-
tions a) and b) in Scheme II).

The third method C (Scheme IV) for the preparation of a-aminoarylmethane-
phosphonic acids 6 uses the addition of substances with P—H bonds to N-protected
imines; three steps lead to the desired products. The intermediate compounds, N-



Downloaded by [Universite Laval] at 23:28 06 October 2014

AMINOARYLMETHANEPHOSPHONIC ACIDS 185

substituted imines and N-substituted dialkyl aminophosphonates, are obtained in high
to quantitative yields.

In this study the diphenylmethyl group has been chosen for N-protection.* Fluo-
rinated benzylidene-1,1-diphenylmethylamines 10 were synthesized in two different
ways: In the first route mixing of equimolar amounts of fluorinated benzaldehydes
7 with diphenylmethylamine in dry dichloromethane or dry diethyl ether, and addi-
tion of anhydrous potassium carbonate led to the imines 10 under very mild condi-
tions. After filtration and evaporation of the solvents the imines 10 were obtained in
the form of waxy solids in nearly quantitative yields.'""** In the second variation the
compounds 10 were prepared by heating equimolar amounts of benzaldehydes 7
with diphenylmethylamine. The use of dry solvents, the addition of drying agents
and catalysts and/or methods to remove water as formed (e.g. Dean and Stark ap-
paratus) were not necessary, because it separated from the oily reaction mixture, and
was removed by dissolving the oil in dichloromethane and the addition of anhydrous
sodium sulfate.

These imines 10 were converted into a-aminoarylmethanephosphonic acids 6 by
a one-pot method: they were stirred with equimolar amounts of dialkyl phosphite (R
= CH,, C,H;) at 120-140°C (30-60 min) to yield in situ dialkyl N-diphenylmeth-
ylaminoarylmethanephosphonates 11. These oils (without isolation or purification)
were heated with concentrated hydrochloric acid at 100°C for N-deprotection and
phosphonate hydrolysis at the same time. After extraction of the by-product, di-
phenylmethyl chloride, with toluene and evaporation of the aqueous solution the
remaining oils were dissolved in methanol and the a-aminoarylmethanephosphonic
acids 6 were precipitated by the addition of propylene oxide at 40°C.'!*434243

For isolation of dialkyl or diphenyl N-diphenylmethylaminoarylmethanephospho-
nates 11 (R = CH;, C,H;, CH;) longer reaction times of the imines 10 with the
phosphites were required. The oily reaction mixtures crystallized after dissolving
them in alcohols followed by addition of diethyl ether at 0°C, to give waxy white
solids (R = CH,, C,Hs) or fine, white crystalline powders (R = C.Hs) in high yields.
These aminophosphonates 11 were isolated and investigated by NMR spectroscopy
in this work for the first time. They represent an air stable storage form for other
aminophosphonic acid derivatives. It is possible to convert them to a-aminoaryl-
methanephosphonic acids 6 as described above, to N-diphenylmethylaminoaryl
methanephosphonic acids or to dialkyl aminoarylmethanephosphonates. N-Diphen-
ylmethylaminoarylmethanephosphonic acids can be obtained by transforming the
N-protected dialkyl aminoary!methanephosphonates 11 first to the corresponding bis-
(trimethylsilyl) aminophosphonates by reaction with an excess of bromotrimethyl-
silane in chlorinated hydrocarbons at room temperature followed by cleavage of the
phosphonic ester groups with water at room temperature.'” Dialkyl aminoaryl-
methanephosphonates are prepared by cleaving the N-protection group (without hy-
drolysis of the phosphonate moiety) by catalytic hydrogenation with Pd/charcoal
catalyst in alcoholic solution'***** or by reaction in acid solutions e.g. HBr in acetic
acid'*"”*" or HBr in alcoholic solution®*** under controlled conditions at room tem-
perature, followed by immediate work-up. These derivatives are especially important
for phosphonopeptide synthesis.

The a-aminoarylmethanephosphonic acids 6a—6i were obtained in all cases as
anhydrous, microcrystalline solids and were characterized by elemental analysis,
NMR spectroscopy and mass spectrometry. Yields and principal NMR parameters
are shown in Table L.
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NMR Spectroscopy

Because of the low solubility of the a-aminoarylmethanephosphonic acids 6 in water,
NMR parameters were determined in the presence of an excess of alkali (NaOD or
KOD in D,0). Under these conditions full deprotonation takes place: the phosphonate
is in the bi-negative PO;~ form and the amino group in the neutral NH, form. It has
been shown elsewhere for simple a-aminoalkanephosphonic acids, that removal of
the proton from nitrogen (NH; — NH,) has the effect of moving the *'P chemical
shift to lower field than would be observed for the same aminophosphonic acids, in
D,0 alone.” While a similar effect may be expected for the a-aminoarylmethane-
phosphonic acids, our present results are confined to measurements in alkaline con-
ditions only. Under these conditions the *'P chemical shifts for the various fluorinated
compounds showed little variation with the substituents present. All were found to
lie in the region of &, 17-18 ppm (relative to 85% H,PO,), except in the case of
the pentafluoro derivative 6i for which the chemical shift was at a slightly higher
field (8 15.3 ppm). These chemical shifts are, as a group, all slightly upfield from
those reported for other non-fluorinated a-aminoarylmethanephosphonic acids 6 (X
=H, 4-MeO, 4-Me, 4-Et, 2-HO, 3-MeQ, 4-HO), for which &, in all cases was found
to lie in the range 18—20 ppm in NaOD/D,0.""* It is interesting that a-amino-4-
nitrophenylmethanephosphonic acid 6 (X = 4-NO,), with the strongly electron-at-
tracting nitro group present in the para position, also exhibits a chemical shift (&
16.6 ppm) in the same region as the fluorinated compounds.*’ The reason for this
uniformly upfield shift in 8 when electron-attracting substituents are present in the
ring is obscure but the effect is small and it is likely that the shielding of phosphorus
is dominated more by the electron density associated with the oxygen atoms of the
phosphonate anion, POj", rather than the ring substituents. Conformational and hy-
drogen-bonding influences may also be involved. Coupling to fluorine broadens the
*'P{'H} NMR signals in general but distinct doublets were observed for the mono-
fluorinated derivatives with 4-, 5-, or 6-bond coupling via the aromatic ring (*/p¢ 4.1
Hz, *Jer 1.4 Hz and °Jp: 3.9 Hz in 6a, 6b and 6c, respectively).

'H and "’"C NMR parameters (see Table I and IX) for the aryl-substituted CH
groups of a-aminoarylmethanephosphonic acids 6 also lie, in most cases, within
fairly narrow ranges (84 3.8—4.0 ppm, *Jpy 15.3-16.5 Hz; 8c 57.5-58.3 ppm, *Jec
128—132 Hz) and are not significantly different from those reported for the non-
fluorinated compounds.''* The only compounds whose 'H and "’C chemical shifts
for the CH group lie outside these ranges are those having one or more substituents
ortho to the arylmethane carbon 6¢, 6i, where the inductive effect of fluorine might
be expected to have the greatest influence. Even in these cases, the 'H chemical shift
is only slightly downfield, at ca. 4.2 ppm although the >C chemical shift, surpris-
ingly, is clearly up-field at 50—-51 ppm. There is no significant difference in the
magnitude of coupling to phosphorus in either case. It is interesting to note that very
similar chemical shifts are shown by a-amino-2-hydroxyphenylmethanephosphonic
acid (6, X = 2-HO) (8, 4.3 ppm, 8. 50.23 ppm), suggesting that the effects observed
are steric in origin rather than electronic.

F NMR chemical shifts for these molecules are similar to those for the starting
materials 1 and 7. The proton-decoupled ’F NMR spectra appear as broad singlets
for the trifluoromethyl 6e, 6f, and trifluoromethoxy 6g, 6h compounds and as un-
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TABLE 1

*'P{'H} and 'H NMR data, yields and melting points of fluorinated
a-aminoarylmethanephosphonic acids 6. >'P{'H} NMR: 10% Im KOH/D,O, (D), or
NaOD(xs)/D;0, (L), vs. 85% H,PO, ext. 'H NMR: 6% 1m KOH/D,0, (D), or NaOD(xs)/
D,0, (L), vs. TSP—d,—Na, 8 [ppm], Mult., "Jyy [Hz]

No. 8K (L) SH(D)  Sp(l) Sp(D) yieids mp.
a-CH o-CH [%] [°cj
6a 386,d  380,d  17.03,d, 18.50,d, 63.33,  278-282
59.04,
2)py 15.4 2py15.3 Bypp 3.0 Bpr39 55€
6b - 393,d, - 18.03,d, 186D, 255¢ 289-290
2Jpy4 15.6 SJpF 1.4

6c 441,d  413,d,  1759,d, 18.14,d, 4333288 270-273
2)py 16.1 2JpH 159 4Upp 4.0 4JpF 4.1

6d - 379,d, - 17.86, dd, 56.12 280-282
2)py 15.7 6JpE 4.2,
5JpF 1.6
6e 395d,  391,d  169,s 17.71,q 40.9P 748c 287-289
2)py 16.4 2Jpy 16.5 7JpE 2.1 468
of - 401,d, - 15.03,s  41.7P, 356C 253-255
2)py 15.8
6g - 385.d, - 18.12,s  31.1b,451¢c, 305-307
2)pp 15.8
6h 387,d  391,d,  1729,s 1599,s 259D 350C, 277-280
20p 16.2 20py 16.0 43¢
6i 420d - 1531, m - 18€ 268-270
2)p 17.5

2 Preparation by method A {Amination of diethy! aroylphosphonates), SCHEME L

b Preparation by method B, variation a) (Amidoalkylation of phosphorus trichloride with benzamide,
one-pot procedure), SCHEME II.

€ Preparation by method B, variation b) (Amidoalkylation of phosphorus trichloride with acetamide,
one-pot procedure), SCHEME I

d Preparation by method B, variation ¢) (Amidoalkylation of phosphorus trichloride with
arylmethylidenebisacetamide, two-step method), SCHEME HI.

€ Preparation by method C (addition of dialkyl phosphites to N-protected imines, followed by
hydrolysis), SCHEME IV.

resolved multiplets in other cases due to coupling with phosphorus and other fluorine
atoms if present (in 6a, 6b, 6¢, 6d and 6i).
Detailed NMR data are quoted under the experimental section.

Mass Spectroscopy

As reported for other classes of aminophosphonic acids,*'®*' FAB MS (with a
primary beam of xenon atoms) or LSIMS (using fast caesium ions) provide additional
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TABLE II
Characteristic ions in the FAB mass spectra of a-aminoarylmethanephosphonic
acids 6a—6i
No.  Method@ Matrix m/z (%]
Z) [2M + HI*  [MH +2]* [MH]* [MH -
HaPO3l*
6a Cs* glycerol  411(17.6) 298( 89) 206 (33.7) 124 (100)
6b Cst glycerol  411( 3.8) 298( 5.7) 206 (20.1) 124 (100)
6c Cst glycerol - 298 ( 5.0) 206 (13.5) 124 (71.2)
6d Cs* glycerol - - 224( 7.4) 142 (98.7)
6e Cs* glycerol 511 ( 6.3) 348( 2.2) 256(14.1) 174 (100)
6e Xe thioglycerol 511 (20.6) - 256 (52.5) 174 (100)°
6f Cs* glycerol - - 256 ( 2.9) 174 (100)
6g Cs* glycerol - 364 ( 4.2) 272(10.2) 190 (100)
8h Cst glycerol - - 272 (13.7) 980 (100)
6h Xe 3-NOBA - - 272 (24.6) 190 (6.4)C
6i Cs* glycerol 555 (11.4) 370(10.2) 278 (34.8) 196 (100)
6i Xe thioglycerol 555(40.2) 386 ( 2.7) 278(74.6) 196 (100)

2 Bombardment by primary beam of Cs* ions or Xe atoms as indicated.

b Also m/z [%] = 176, ((MH - HPO3]*, 12.1), 155 ([MH - H3PO3 - F]*, 29.2).

C Peak at m/z [%] = 189 (15.8) corresponds to unexpected [M - H3PO3]*; also m/z [%] = 254
([MH -H,0]%, 28.5).

0

At PO N
—CH Ar—CH=NH
[~ o 2
NH,~H (base peak)

SCHEME V Elimination of phosphorous acid from the pseudo-molecular ions of «-aminoarylmethane-
phosphonic acids 6.

useful confirmation of identity (Table II). The spectra in most cases show prominent
pseudomolecular ions, MH", although these are generally weaker in intensity than
those observed for aminoalkanephosphonic acids and in one case 6f this ion was not
distinguishable from the background. In those cases in which comparison was made
(for 6e, 6h, 6i), more intense pseudomolecular ions were obtained using xenon bom-
bardment with thioglycerol or 3-nitrobenzyl alcohol (3-NOBA) as matrix, than with
glycerol and Cs* ion bombardment. The base peak in all spectra was generally
formed by the elimination of phosphorous acid from the pseudomolecular ion
(Scheme V), the so-formed iminium ion being stabilized in these aromatic systems
by conjugation with the benzene ring. Cluster ions such as [MH + Z]" and [2M +
H]" were also observed in certain cases. In the case of the 4-CF; compound 6e there:
was evidence for the elimination of metaphosphoric acid from the pseudomolecular
ion,*'®*' as shown by the appearance of a peak at m/z = 176 (12.1%), and of the
loss of fluorine from the iminium ion to give m/z = 155 (29.2%).
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EXPERIMENTAL

Fluorinated benzaldehydes, fluorinated benzoic acids and other reagents were obtained commercially;
benzaldehydes and phosphites were distilled before use and solvents were dried according to standard
procedures. Melting points were determined using a Reichert Thermopan Kofler Hot Stage or on an
Electrothermal Digital Melting Point Apparatus (mp. >250°C); lower melting points were determined on
a Biichi Melting Point Apparatus SMP 200; they are all uncorrected. Preparative studies were performed
in London and Diisseldorf.

NMR Spectroscopy

Results from *'P-NMR for compounds 6 and 11 are given in Table I and VI-VIIl. Compounds 6, 10
and 11 were characterized by extensive "C-NMR investigations, corresponding data are listed in Tables
IX to XIII. Some 'H-data for 6 and 10 are given in Tables I and V. In general the 'H and “F-NMR
spectra of the aromatic ring systems in all compounds described in this study are of second order
character. Labourious analyses and iterations of those high resolution spectra were not performed, but a
few, significant, directly accessible parameters are given under the preparative section.

The following spectrometers and referencing techniques were used by the London (L) and Diisseldorf
(D) teams: 'H NMR: Perkin Elmer R12B (L), 60 MHz, Bruker AM 250 (L), 250.13 MHz, Bruker AM
200 SY (D), 200.13 MHz. ""C NMR: Bruker WP 80 (L), 20.12 MHz, Bruker AM 250 (L), 62.90 MHz,
Bruker AM 200 SY (D), 50.32 MHz. Chemical shifts were recorded relative to TSP-d, (Me;Si—
CD,—CD,—COONa) for aqueous solutions of aminophosphonic acids or TMS for solutions of the
Schiff bases or dialkyl N-protected aminoarylmethanephosphonates in CDCl,. *'P NMR: WP 80 (L),
32.39 MHz, AM 200 SY (D), 81.02 MHz with 85% H,PO, as an external reference. '°F NMR: Varian
VXR 400 (L), 376 MHz with CFCl, as an external reference, AM 200 SY (D), 188.28 MHz with C,F,
as an internal reference for solutions in CDCIl; and C¢D, or as an external reference for D,O solutions.
The NMR parameters (5, given in [ppm] and "Jyy, given in [Hz]) were taken directly from the spectra.

Mass Spectrometry

Low resolution electron impact mass spectra were obtained on a Kratos Profile mass spectrometer (L)
operating at 70 eV. FAB mass spectra were obtained with a VG Micromass ZAB-E mass specirometer,
with a primary beam of xenon atomns operating at 8 kV. LSIMS mass spectra were obtained using the
Kratos Profile instrument, equipped with a Cs* ion gun operating at 10 kV.

Preparation of Fluorinated a-Aminoarylmethanephosphonic Acids by Method A (Amination of Diethyl
Aroylphosphonates) (Scheme 1)

Fluorinated Benzoyl Chlorides 2a—d*. .50 mol fluorinated benzoic acid 1, 0.75 mol thionyl chloride
and 2 drops of dimethylformamide were mixed under an atmosphere of nitrogen and heated (2-3 h),
with stirring at 70—-80°C (oil bath temperature). Gas evolution occurred with the formation of a greenish-
brown solution. The excess of thionyl chloride was removed by distillation at atmospheric pressure and
the fluorinated benzoyl chloride 2 was purified by fractional distillation in vacuo (0il pump).

The fluorinated benzoyl chiorides 2 were obtained as colourless, strongly-smelling liquids; they were
stored under nitrogen on account of their sensitivity to hydrolysis.

4-Fluorobenzoyl Chloride 2a

M.Wi. = 158.56, yield: 98.8%, bp. 69-71°C/15 mmHg, ny = 1.5296.

'H NMR (6% CDCI,, TMS), &: 7.12-7.23 (m, 2H,.0m, 4-F—C¢H,—C), 8.09-8.19 (mn, 2H,,on, 4-F—
C.H,—C).

YF NMR (6% CDCl;, C/F, int), & 60.92-61.07 (m, IF, 4 F—CH,—C).

2-Fluorobenzoyl Chloride 2¢

M. Wi, = 158.56, yield: 98.3%, bp. 48-50°C/1.5 mmHg, ny = 1.5369.

'H NMR (6% CDCl,, TMS), 8: 7.14-7.36 (m, 2H.m, 2-F—CH,—C), 7.62-7.73 (m, 1H, o, 2-F—
CH,—C), 8.08-8.17 (m, 1H,, ., 2-F—CH,—C).

F NMR (6% CDCl,, C/F, int.), 8: 53.57-53.70 (m, IF, 2-F—CH,—C).

3,4-Difluorobenzoyl Chloride 24

M.Wt. = 176.55, yield: 96.3%, bp. 72—73°C/13 mmHg.

'"H NMR (6% CDCl,, TMS), §: 7.27-7.40 (m, 1H, o, 3.4-F,—CsH;—C), 7.92-8.02 (m, 2H,, 3.4-
F,—CH;—C).

“F NMR (6% CDCl,, CF int.), 8: 27.21-27.44 (m, 1F, 3,4-F,—CsH,—C), C 36.60-36.83 (m, IF,
3,4-F,—CH;—C). -
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Fluorinated Diethyl Benzoylphosphonates 3a—d: 0.20 mol fluorinated benzoyl chloride 2 was mixed
with 0.22 mol triethyl phosphite by dropwise addition (during 2 h), with vigorous stirring under nitrogen.
A strongly exothermic reaction occurred with the evolution of ethyl chloride and the reaction mixture
became yellow. The temperature of the mixture was maintained at 40°C with the aid of an ice/water
bath. Stirring was then continued at room temperature under a gentle stream of nitrogen (4—8 h). After
removal of the excess of triethyl phosphite, the fluorinated diethyl benzoylphosphonate 3 was purified
by fractional distillation in vacuo (oil pump).

The fluorinated diethyl benzoylphosphonates 3 are clear, oily, yellow liquids. As they undergo de-
composition in the presence of traces of acids or bases, or weak nucleophiles (like water or amines),
they were stored under argon.

Diethyl 4-Fluorobenzoylphosphonate 3a

M.Wt. = 260.20, yield: 95.1%, bp. 97-99°C/0.1 mmHg.

*P{'H} NMR (10% CDCl,, 85% H,PO, ext.), 5: —0.88 (d, °Jpx 0.6).

'H NMR (6%, CsDs, TMS), 8: 1.00 (dt, *Jyyy 7.1, “Jpu 0.5, 6H, 2 X CH,), 3.99 (qd, *Jyu 7.1, *Jou 8.1,
4H, 2 X CH,), 6.56-6.60 (m, 2H ., 4-F—CH,—C), 8.33-8.43 (m, 2H. o, 4-F—CcH,—C).

F NMR (6% CsDs, CoFs int.), 8: 60.65—60.80 (m, 1F, 4-F—CH,—C).

Diethyl 2-Fiuorobenzoylphosphonate 3¢

M.Wt. = 260.20, yield: 68.8%, bp. 108-111°C/0.05 mmHg.

P({'H} & —1.90 (d, *Jer 1.6).

'H &: 1.02 (dt, Sy 7.1, *Je 0.5, 6H, 2 X CH,), 4.03 (qd, *Jun 7.1, *Joy 8.2, 4H, 2 X CH,), 6.60-6.76
(m, 2H, o, 2-F—CH,—C), 6.81-6.91 (m, 1H 0, 2-F—CH,—C), 8.35-845 (m, |Hpun, 2-F—
CH,—O).

®F & 51.78-51.91 (m, 1F, 2-F—CH,—C).

Diethyl 3,4-Difluorobenzoylphosphonate 3d

M.Wt = 278.19, yield: 83.4%, bp. 116-117°C/0.1 mmHg.

SP('H} & —1.68 (dd, *Jer 3.3, *Jor 0.6).

'H 8: 1.41 (d1, iy 7.1, “Jey 0.6, 6H, 2 X CH,), 4.31 (qd, *Juy 7.1, *Joy 8.1, 4H, 2 X CH,), 7.27-7.42
(m, 1H,.n, 3.4-F,—CH;—C), 8.05-8.23 (In, 2H ., 3,4-F,—CH,—C).

“F &: 26.65-26.89 (m, 1F, 3,4-F,—CH;—C), 35.55-35.78 (m, 1F, 3 4-F,—CH;—C).

Fluorinated Diethyl Benzoyloximinophosphonates 4a—d: 0.20 mol hydroxylamine hydrochloride was
suspended in 130 ml of absolute ethanol, with the exclusion of moisture, and 0.23 mol dry pyridine was
added. A solution of 0.15 mol fluorinated diethyl benzoylphosphonate 3 in 50 ml of absolute ethanol
was added dropwise (during 2 h). Slight warming occurred to give a clear, yellow solution and the
reaction temperature was maintained below 30°C with the aid of an ice/water bath. The mixture was
finally stirred at room temperature (55-75 h) and became colourless (the reaction was monitored by
*P{'H} NMR). The solvent was then removed on a rotary evaporator under water pump pressure to
leave an oil which was taken up in 200 ml of water and extracted five times with dichloromethane. The
organic phase was dried over Na,SO, and filtered, and after removal of solvent the yellowish-brown oil
was dried in vacuo (0il pump) at room temperature.

The oil consists of a mixture of the cis- and trans-isomer of the fluorinated diethyl benzoyloximi-
nophosphonate 4 (with the E-form in excess), contaminated with phosphates. Purification by vacuum
distillation is impossible since decomposition occurs above 60°C.

Diethyl 4-Fluorobenzoyloximinophosphonate 4a

M.Wt = 275.22, yield of the crude oil: 94.8%.

*p{'H} NMR (reaction mixture in C;H;OH, D,O ext., 85% H,PO, ext.), 8: 10.06 (s), (E), 4.93 (s), (2),
(relation E:Z = 1.5:1).

Diethyl 2-Fluorobenzoyloximinophosphonate 4c

M. Wt. = 275.22, yield of the crude oil: 96.0%.

*'P{'H} NMR (10% CDCl,, 85% H,PO, ext.), 8: 8.60 (d, “Jer 1.9), (E), 3.77 (d, *Jpr 1.1), (Z), (relation
E:Z = 1.5:1).

Diethyl 3,4-Difluorobenzoyloximinophosphonate 4d
M.Wt. = 293.21, yield of the crude oil: 93.2%.
Sp{'H} 8: 9.26 (s), (B), 4.64 (5), (Z) {relation E:Z = 2:1).

Fluorinated Diethyl Aminoarylmethanephosphonates and N-Formylated Derivatives 5a—d: 0.10 mol
of the oily fluorinated diethyl benzoyloximinophosphonate 4 was added dropwise (during 1 h), under
nitrogen, to a suspension of 0.40 mol zinc dust in 100 ml of 99% formic acid. An exothermic reaction
occurred with the vigorous evolution of gas; the reaction temperature was maintained below 65°C by
cooling. After addition was complete the suspension was stirred at room temperature (12 h) and the
reaction was monitored by *'P{*H} NMR. Solids were filtered using a G3-sintered glass filter and washed
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repeatedly with formic acid to give a yellow filtrate which was evaporated on a rotary evaporator under
water pump pressure to give a brownish oil.

From the *P{'H} NMR spectrum it could be seen that in addition to reduction to give diethyl
aminoarylmethanephosphonate 5 partial hydrolysis had occurred in the acid solution to give the ami-
noarylmethanephosphonic acid (in form of its formic acid salt) 6'.

Diethyl Amino-(4-fluorophenyl-)methanephosphonate Sa

M.Wt. = 261.23.

*'P{'H} NMR (reaction mixture in HCOOH, D,0 ext., 85% H,PO, ext.), & 21.27 (s), diethyl aminoar-
ylmethanephosphonate, 16.92 (s), aminoarylmethanephosphonic acid.

Diethyl Amino-(2-fluorophenyl-)methanephosphonate Sc

M.Wt. = 261.23.

3p('H} NMR (reaction mixture in HCOOH, D,O ext., 85% H,;PO, ext.), 8: 19.19 (s), diethyl aminoaryl-
methanephosphonate, 14.72(s), aminoarylmethanephosphonic acid.

Diethyl Amino-(3,4-difluorophenyl-)methanephosphonate 5d

M.Wt. = 279.22.

*p('H} NMR (reaction mixture in HCOOH, D,O ext., 85% H,PO, ext.), &: 18.43 (s), diethyl aminoar-
ylmethanephosphonate, 11.14 (s), aminoarylmethanephosphonic acid.

Fluorinated a-Aminoarylmethanephosphonic Acids 6a—d: The brownish oil was heated under reflux
(6-8 h) with 50 ml of concentrated hydrochloric acid (oil bath temperature 100-110°C). The hydrolysis
gave a clear yellow solution (monitored by *'P{'H} NMR), which was evaporated at water pump pressure
on a rotary evaporator to leave a yellowish oil of the aminoarylmethanephosphonic acid hydrochloride
6’. Water was added and the solution was evaporated repeatedly until a white solid was formed. The
residue was heated under reflux (2 h) with 50-100 mi of water, and the slightly soluble a-aminoaryl-
methanephosphonic acid 6 separated as a white crystalline solid. The solid was filtered off (by a Biichner
funnel), washed with ethanol, dried in a vacuum desiccator over silicagel, and recrystallized from water/
ethanol mixtures.

a-Amino-(4-fluorophenyl-)methanephosphonic Acid 6a

M.Wt. = 205.13, yield: 63.3% (based on diethyl benzoylphosphonate), mp. 278 -282°C.

*P{'H)}) NMR (10% 1m KOD/D,O, 85% H,PO, ext.), 8: 18.50 (d, *Je 3.9).

'H NMR (10% 1m KOD/D,0, TSP—d,—Na), &: 3.80 (d, %/ 15.3, 1H, PCH), 7.03-7.15 (m, 2H, e,
4-F—C.H,—C), 7.33-7.45 (m, 2H,,,, 4-F—CH,—C).

®F NMR (10% 1m KOD/D,0, CcF, ext.), 5: 45.00-45.18 (m, 1F, 4-F—C¢H,—C).

a-Amino-(2-fluorophenyl-)methanephosphonic Acid 6¢

M.Wt. = 205.13, yield: 43.3% (based on diethy] benzoylphosphonate), mp. 270-273°C.

Y'P{'H} & 18.14 (d, ‘Ji 4.1).

'H 8 4.13 (4, ey 15.9, 1H, PCH), 7.06-7.35 (m, 3Huom, 2-F—CHi—C), 742-7.52 (m, 1H,com, 2-
F—CsH,~—C).

“F &: 45.01-45.21 (m, 1F, 2-F—CH,—C).

o-Amino-(3,4-difluorophenyl-)methanephosphonic Acid 6d

M.Wt. = 223.12, yield: 56.1% (based on diethyl benzoylphosphonate), mp. 280-282°C.
MP('HY} & 17.86 (dd, *Jpr 4.2, *Jor 1.6).

'H &: 3.79 (d, *Jpy 15.7, 1H, CH), 7.09-7.34 (m, 3H, . 3.4-F,—CH,—C).

“F & 23.95-24.18 (m, 1F, 34-F,—CsH;—C), 27.37-27.61 (m, IF, 3,4-F,—CsH;—C).

Preparation of Fluorinated a-Aminoarylmethanephosphonic Acids by Method B (Amidoalkylation of
Phosphorus Trichloride)

One-Pot Procedure: Variation a) with Benzamide; R = C¢Hs (Scheme II)

Fluorinated N-Benzoylaminoarylmethanephosphonic Acids 8a/b-h: Under a gentle stream of nitrogen,
0.05 mol benzamide was suspended in 10 ml of acetic acid, and 0.05 mol phosphorus trichloride was
added with vigorous stirring. An exothermic reaction occurred with the evolution of hydrogen chloride,
and the mixture was stirred until it had cooled to room temperature. 0.07 mol Fluorinated benzaldehyde
7 was added dropwise (during 30 min), so that the reaction temperature did not exceed 40°C. A clear,
light yellow solution was formed. In order to complete the conversion, the mixture was heated on a
boiling water bath (1-2 h) until gas evolution ceased. Rotary evaporation at water pump pressure gave
the N-benzoylaminoarylmethanephosphonic acid 8a as a yellow oil.

Fluorinated a-Aminoarylmethanephosphonic Acids 6b-h: In order to remove the benzoyl protecting
group from nitrogen, the oil was heated under reflux (6-24 h) with 30 ml of concentrated hydrochloric
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TABLE I

Fluorinated a-aminoarylmethanephosphonic acids 6b-h
(Scheme II, variation a)

no. MWt yields mp. 31p{1H} NMR
[%] [°C] ___8[ppm], Mult, NJpp [Hz]

6b 20513 186  289-290 18.03, d, SJpF 1.4
6e 25513 409  287-289 17.71,q, TdpF 2.1

6f 25513 417  253-285 15.08, bs
6g 27113 3141 305-307 18.12, s
6h 27143 259  277-280 15.99, s

acid. After cooling, two phases were formed, the lower being a yellowish oil of the aminoarylmeth-
anephosphonic acid hydrochloride 6’ and the upper being an aqueous phase with needle-like crystals of
the resulting benzoic acid. The aqueous phase was separated, filtered to remove benzoic acid and, together
with the oily layer, was evaporated at water pump pressure on a rotary evaporator. The residual oil was
repeatedly taken up in water and evaporated until a white solid was formed. The residue was dissolved
in hot methanol and, after cooling, pyridine was added dropwise until the pH was 4. After several days
in a refrigerator the a-aminoarylmethanephosphonic acid 6 separated as a fine, white solid, which was
filtered off (on a G3-sintered glass filter), washed with methanol, and dried in a vacuum desiccator over
silica gel (Table III).

a-Amino-(3-fluorophenyl-)methanephosphonic Acid 6b

*'P{'H} NMR (10% 1m KOD/D,0, 85% H,PO, ext), &: 18.03 (d, *Jp 1.4).

'H NMR (10% Im KOD/D,0, TSP—d,—Na), &: 3.93 (d, *Jpy 15.6, 1H, PCH), 6.99-7.10 (m, 1H o,
3-F—C4H,—C), 7.14-7.23 (m, 2H,,.q,, 3-F—CH,—C), 7.32-7.43 (m, 1H, o, 3-F—CH,—C).
F NMR (10% 1m KOD/D,0, C¢F; ext.), 8: 48.42-48.61 (m, 1F, 3-F—CH,—C).

a-Amino-(4-trifluoromethyiphenyl-)methanephosphonic Acid 6e

YPUHY 8 17.71(q, e 2.1).

'H 8: 3.91 (d, Jey 16.5, 1H, PCH), 7.51-7.58 (m, 2H,on, 4F—CsH,—C), 7.63-7.72 (m, 2H, o, 4-
F—CeH,—C).

F &: 101.16 (bs, 3F, 4-CF,—CH,—C).

a-Amino-(3-trifluoromethylphenyl-)methanephosphonic Acid 6f

*'P{'H} &: 15.03 (s).

'H 8: 4.01 (d, Jpy 15.8, I1H, PCH), 7.49-7.68 (m, 3H,.., 3-CF;,—CH,—C), 7.73-7.76 (m, 1H,0n.,
3-CF,—C4¢H,—C).

“F §: 100.97 (bs, 3F, 3-CF,—CH,—C).

a-Amino-(4-trifluoromethoxyphenyl-)methanephosphonic Acid 6g

J'P(‘'H} &: 18.12 (s).

'H 8: 3.85 (d, *Jpu 15.8, 1H, PCH), 7.25-7.32 (m, 2H 0n, 4-CF:0—CeH—C), 7.42-7.51 (m, 2H,on.,
4-CF,0—C,H,—C).

F 5: 104.94 (bs, 3F, 4-CF,0—CcH,—C).

a-Amino-(3-trifluoromethoxyphenyl-)methanephosphonic Acid 6h

YP{'H} 8: 15.99 (s).

'H &: 3.91 (d. *Jpy 16.0, 1H, PCH), 7.20-7.26 (m, 1H o, 3-CF:0—CH,—C), 7.32-7.49 (m, 3H.0n,
3-CF,0—CH,—C).

"F 8: 105.54 (bs, 3F, 3-CF,0—CH,—C).

One-Pot Procedure: Variation b) with Acetamide; R = CH, (Scheme II)

Fluorinated N-Acetylaminoarylmethanephosphonic Acids 8b/b—h: Under a gentle stream of nitrogen,
0.05 mol acetamide was dissolved in 10 mi of acetic acid and 0.05 mol phosphorus trichloride was
added with vigorous stirring. Slight warming occurred, with gas evolution, and a white suspension was
formed. The mixture was allowed to cool to room temperature and 0.07 mol fluorinated benzaldehyde
7 was added (during 30 min) with the temperature below 40°C. A weakly exothermic reaction occurred
with gas evolution and the solid dissolved. In order to complete the reaction, the mixture was heated
(2-3 h) on a boiling water bath. Rotary evaporation of the solution at water pump pressure finally gave
the N-acetylaminoarylmethanephosphonic acid 8b as a light yellow oil.
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TABLE IV

Fluorinated a-aminoarylmethanephosphonic acids 6b—h
(Scheme II, variation b)

no. MWt mp. yields 31p{1H}-NMR
[ec] [%]  3[ppm], Mult, "Npf [Hz]
6b 20513 289-290 255 18.03, d, SUpp 1.4
6e 25513  287-289 74.8 17.71, q, TJpF 2.1
6f 25513 253255 356 15.08, bs
6g 271.13  305-307 451 18.12, s
6h 27113 277-280 35.0 15.99, s

Fluorinated o-Aminoarylmethanephosphonic Acids 6b—h: The acetyl group was removed from nitro-
gen by heating the yellowish oil under reflux (12—30 h) with 30 ml of concentrated hydrochloric acid,
to give a clear, light yellow solution. After cooling, insoluble components were filtered off, and the
aqueous phase was evaporated on a rotary evaporator at water pump pressure to give the aminoaryl-
methanephosphonic acid hydrochloride 6’ as a yellow oil; this was then repeatedly taken up in water
and evaporated until a solid separated in the oil. The residue was dissolved in hot methanol, and after
cooling, pyridine was added dropwise until the pH was 4. After several days in a refrigerator the a-
aminoarylmethanephosphonic acid separated as a fine, white solid, which was filtered off (on a G3-
sintered glass filter), washed with methanol, and dried in a vacuum desiccator over silica gel (Table IV).

Preparation of Fluorinated a-Aminoarylmethanephosphonic Acids by Method B (Amidoalkylation of
Phosphorus Trichloride)

Two-Step Procedure (Scheme I11)

N,N'-(4-Fluorophenyl-)methylidenebisacetamide 9a: 0.20 mol 4-Fluorobenzaldehyde 7a and 0.44 mol
acetamide were heated under nitrogen atmosphere on a boiling water bath, with vigorous stirring (4 h).
A gelatinous white mass was formed, which solidified on cooling in the form of white needles. These
were suspended in methanol and filtered off under suction. The solid was washed with ice-cold methanol
and finally dried in a vacuum desiccator over silica gel.

N,N'-(4-Fluorophenyl-)methylidenebisacetamide 9a

M.Wt. = 224 .23, yield: 70.0%, white needles, mp. 165-167°C.

'H NMR (6% CDCl,, TMS), & 1.94 (bs, 6H, 2 X CH,), 6.20 (m, 3H, CH + 2 X NH), 6.98-7.09 (m,
2H, n, 4-F—C¢H,), 7.95-8.05 (m, 2H,0q . 4-F—C.H,).

"F NMR (10% C¢Ds, CoFs int.) & 56.02 (m, IF, 4-F—C¢H,).

N-Acetylamino-(4' -fluorophenyl-)methanephosphonic Acid 8ba: Under a gentle stream of nitrogen, 0.10
mol N,N’-(4-fluorophenyl-)methylidenebisacetamide 9a was suspended in 30 ml of acetic acid and 0.10
mol phosphorus trichloride was added dropwise (during 60 min) at a reaction temperature of 10°C. A
strongly exothermic reaction occurred with the evolution of hydrogen chloride and the formation of a
white gel. After the addition was complete, the mixture was heated further (2-3 h) on a boiling water
bath to give a clear, light yellow solution. Cooling, followed by rotary evaporation at water pump
pressure, gave N-acetylamino-(4’-fluorophenyl-)methanephosphonic acid 8ba, as a light yellow oil.

a-Amino-(4-fluorophenyl-)methanephosphonic Acid 6a: In order to remove the acetyl group from ni-
trogen, the oil of N-acetylamino-(4’-fluorophenyl-)methanephosphonic acid 8ba was heated under reflux
(24 h) with 100 ml of concentrated hydrochloric acid. A yellowish solution was formed, with fine needles
of acetamide hydrochloride which were filtered off after cooling, and washed with water. The aqueous
filtrate was evaporated at water pump pressure on a rolary evaporator to give amino-(4-fluorophe-
nyl-)methanephosphonic acid hydrochloride as a yellow oil. This was repeatedly taken up in water,
followed by evaporation, until a solid formed in the oil. The residue was dissolved in a little hot methanol
and, after cooling, pyridine was added dropwise until the pH was 4. The solution was allowed to stand
for several days in an ice/water bath, when a-amino-(4-fluorophenyl-)methanephosphonic acid 6a was
obtained as a fine white solid which was filtered off (using a G3-sintered glass filter), washed with
methanol, and dried in a vacuum desiccator over silica gel.
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TABLE V
Fluorinated N-benzylidene-1,1-diphenylmethylamines 10a-g
no. MWt yields reacting TH NMR
[%] time_[h] 5 (=CH) [ppmj
10a  289.35 99.5 4 8.35
10b 289.35 97.8 6 8.38
10d  307.34 93.5 6 8.31
10e 339.36 98.2 4 8.43
10f 339.36 93.1 10 8.44
10g 355.36 95.5 8 8.39
TABLE VI
Fluorinated dimethyl N-diphenylmethylaminoarylmethanephosphonates
1laa—ae
no. MWt yields reacting 31p{1H} NMR
[%] time [n] & [ppm], Mult., NJpg [HZ]
11aa 39940 797 4 26.49, d, SJpF 4.8
11ae 44941 894 5 25.72,q, TJpg 2.3

a-Amino-(4-fluorophenyl-)methanephosphonic Acid 6a

M.Wt. = 205.13, yield: 59.0%, fine, white solid, mp. 278 -282°C.

Preparation of Fluorinated a-Aminoarylmethanephosphonic Acids by the Method C (Addition of Sub-
stances with P—H Bonds t0 N-Protected Imines, Variation a)) (Scheme IV)

Fluorinated N-Benzylidene-1,1-diphenylmethylamines 10a-h: The fluorinated benzaldehyde 7 was
added dropwise with stirring to a solution of an equimolar quantity of diphenylmethylamine in anhydrous
ether (5% w/w) or dichloromethane (10-30% w/w) in the presence of anhydrous potassium carbonate
(1-2 mol equiv) at 0°C. The solution was stirred (1-1.5 h) at room temperature and then filtered.
Solvent was removed by rotary evaporation, followed by vigorous shaking at 0.1 mmHg (2 h), to leave
the Schiff base as follows:

N-4-Fluorobenzylidene- 1, 1-diphenylmethylamine 10a

Yield: 97%, bright yellow crystalline solid, C, H, N analysis: C,H(FN, M.Wt. = 289.35, requires: C
83.02, H 5.57, N 4.84, found: C 82.91, H 5.60, N 4.89%.

'H NMR (CDCL), & 5.57 (s, 1H, NCH), 7.06 (m, 2H,,,, 4F—CsH,), 7.18-7.40 (m, 10H 0, 2 X
CeHs), 7.81 (m, 2H,on, 4-F—CGH,), 8.35 (bs, 1H, =—=CH).

F NMR (CDCl,), 8 —109.63——109.71 (m, 4F—CH,).

El ms, m/z [%]): 289 (M*, 15), 167 ((CsH,),CH", 100).

N-2-Fluorobenzylidene-1, 1-diphenylmethylamine 10¢

Yield: 99%, sticky, orange-yellow solid, C, H, N analysis: C,oH;sFN, M.Wt. = 289.35, requires: C 83.02,
H 5.57, N 4.84, found: C 83.01, H 5.53, N 4.86%.

'H NMR (CDCL,), & 5.60 (s, 1H, NCH), 7.02 (m, 1H om, 2-F—CH,), 7.11-7.41 (m, 10H0n, 2 X
CsHs + 2H,om. 2-F—C¢H,), 8.18 (m, 1H, 0, 2-F—CH,), 8.74 (bs, 1H, =CH).

“F NMR (CDC),), & — 124.57 (m, 2-F—C.H,).

EI ms, m/z [%]: 290 ({M+1]%, 20.6), 289 ((M]*, 49.8), 270 (M — F1*, 6.3), 212 (IM — C.H;]", 25.9),
182 (IM - F—CHC]*, 23.2), 181 (M — F—CH,CH]*, 18.6), 167 (M — F—CH,—
CH=N]", 100), 108 (I[M — (CsH,),CH—N]*, 35.1).

N-4-Trifluoromethylbenzylidene-1, 1-diphenylmethylamine 10e
Yield: 99%, orange solid, C, H, N analysis: C,;H,¢F;N, M.Wt. = 339.36, requires: C 74.33, H 4.75, N
4.13, found: C 74.30, H 4.82, N 4.07%.

N-3-Trifluoromethoxybenzylidene-1, 1-diphenylmethylamine 10h
Yield: 88%, light brown viscous oil, C, H, N analysis: C,H,;F;NO, M.Wt. = 355.36, requires: C 70.98,
H 4.54, N 3.94, found: C 70.89, H 4.54, N 3.84%.
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TABLE VII
Fluorinated diethyl N-diphenylmethylaminoarylmethanephosphonates
11ba-bg
no. MWt vyields reacting 31p{1H) NMR

[%)  time [n] & [ppm], Mult, NJpg [Hz]

11tba 42745 904 10 24.13,d,8JpF 4.8
11bb 42745 818 1 2368, d, Sdpg 1.7
11bd 44544 875 12 23.43, dd, 6Jpg 5.5, Sipp 1.8
11be 47746 893 8 23.39,q, 7JpF 2.3
11bf 47746 786 12 23.30, q, 7Jp|: 0.6
1tbg 49346 9186 14 2379, s
TABLE VIII
Fluorinated diphenyl N-diphenylmethylaminoarylmethanephosphonates
11ca—cg
na. MWt yields reacting 31p{1H) NMR:

[%] time [h] 3 [ppm], Mult., NJpf [Hz]

11ca 523.54 733
11cb 523.54 86.1
11cd 541.53 68.2
11ce 573.55 786
11cf 573.55 703
11cg 589.55 77.8

16.78, d, SJpF 5.1
16.33, d, SJpF 1.8
15.97, dd, 8JpE 5.4, SJpE 1.8
1595, q, "JpF 2.3
1587, q, TJpp 0.7
16.37, s

E-N 6 IS B e ) B e NN

N-Pentafluorobenzylidene-1,1-diphenylmethylamine 10i
Yield: 99%, bright yellow solid, C, H, N analysis: C,oH,FsN, M.Wt. = 361.31, requires: C 66.49, H
3.35, N 3.88, found: C 66.67, H 3.39, N 3.91%.

Fluorinated a-Aminoarylmethanephosphonic Acids 6a—i: A mixture of the fluorinated benzylidenedi-
phenylamine 10 and an equimolar amount of dimethyl phosphite or diethyl phosphite was heated at
120-140°C (30 min). Concentrated hydrochloric acid (80 ml) was added to the product 11 and the
resultant solution was heated under reflux for 3 h. After the removal of by-products by extraction with
toluene the aqueous layer was concentrated under reduced pressure, dissolved in methanol, and treated
with a moderate excess of propylene oxide at 40—50°C. The crystalline product which separated was
filtered off, washed with acetone and dry ether, and dried in vacuo at 80°C to give the following products:

a-Amino-(4'-fluorophenyl-)methanephosphonic Acid 6a

Yield: 55%, m.p. 278-282°C, C, H, N analysis: C;H,FNO,P, M.Wt. = 205.13, requires: C 40.99, H 4.42,
N 6.83, found: C 40,98, H 4.93, N 6.80%.

MP('H} &: 17.03 (d, Jpr 3.0).

'H (NaOD/D,0), 8: 3.86 (d, “Jey 154, 1H, PCH), 7.11 (m, 2H,on, 4-F—CH,), 7.40 (n, 2H o,
4-F—C¢H,).

a-Amino-(2'-fluorophenyl-)methanephosphonic Acid 6¢

Yield: 28%, m.p. 270-273°C, C, H, N analysis: C;H,FNO,P, M.Wt. = 205.13, requires: C 40.99, H 4.42,
N 6.83, found: C 41.05, H 441, N 6.61%.

'p{'H) 8: 17.59 (d, ‘Jpr 4.0).

'H (NaOD/D,0), 8: 4.41 (d, *Juy 16.1, 1H, PCH), 7.07-7.34 (m, 3H,.,, 2-F—CsH,), 7.46 (m, 1H o,
2-F—CgH,).

®F (NaOD/D,0), 8: 117.97 (s).

a-Amino-(4'-triflucromethylphenyl-)methanephosphonic Acid 6e
Yield: 46%, m.p. 287-289°C, C, H, N analysis: C4H,F;:NO;P, M.Wt. = 255.13, requires: C 37.66, H 3.56,
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TABLE IX

PC{'H} NMR data of the fluorinated a-aminoarylmethanephosphonic acids 6. >C{'H} NMR
(10% KOH/D,0, TSP—d,—Na), 8 [ppm], Mult., “Jxy (Hz]. ov.: overlapping

3 2
@L?H—P(O)«)Hh 6
R
5 6 NH,
No. «-CH C1 C2 C3 C4 Cs Cé R
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6a 57.52,d, 13982,s 131.90,dd, 11741,d, 164.12,d, 117.41,d, 131.90,dd, -
3lpc 78, Upc216  Npc2435 2pc216  3pc7s,
1Jpc 1311 3pcs 3Ipc 5

6b 58.21,dd, 147.85dd, 117.03,dd, 165.16,dd, 115.57,dd, 132.29,dd, 126.33,dd, -
45pc 1.6, 3pc73, Upc218, Upc2411, Apc212, 3Igc8S,  4pc26,
Uipc 1295 2pc26  ipc47  4Ipc25  Sipc26  Ypc21 3peso

6c 5096,dd, 131.82,dd, 162.69,dd, 117.74,d, 131.55,dd, 126.69,s  130.53,dd, -
3Ipc 12, ov. Upc 2426 2pc228  Jpcs.l, 3¥pc83,
lipc 1321 2pc 19 ov ov 3)pc 24

6d 57.42,dd, 140.98,dd, 119.05,dd, 151.49, ddd, 152.30, ddd, 119.38,dd, 126.63, ddd, -
43pc 05, 3Ipc30, Zpc169, Upc2428, Upc2432, 205156, 3lpc6.4,

3Jpc 4.5, Zgc 126, 2pc 1256, pc 34,
1pc 129.5 25pc 29 43pc27  Sipc23 Ypc 17, 3ipces2
ov. ov.
6e 5827,d, 149.09,s 12754,s 13062,d, 130.05,q 13062,d, 127.54,s  127.34,q,
3lpc 47 2pc638 g 4T gc2m2
Ljpc 128.1
6f 5828,d, 146.15,d, 12693,dd, 131.96,dg, 134.04,dd, 131.96,d, 125.63,dq, 127.32,q,
3lpc 44, Upc315, Npc4s, Sipc26,  Upc2m17

1pc 1293 2pc26  3Jpc39 4pc21  Sipcl2  Ypc20  3Ipc39
6g 5791,d, 14421,d, 131.75,d, 12328,d, 15002,q, 12328,d, 131.75,d, 123.20,dq,

3Jpc 26 1Jpc 255.6,
pc 130.1 2lpc 23 3lpc4as  4pc 10 Upc10  3Jpcd9  Bipc Ll
6h 57.93,d, 14746 s 12890,d, 151245 132005  121.13,s  12269,d, 123.03,q,
Iypc 255.8
Lipe129.8 31pc 4.7 31pc4s

6i 5023,d, 118.45,dd, 147.58,d, 140.14,ddd, 142.09,dm, 14014, ddd, 147.58,d,
25pc 162, Upc243.0 Upc 2463, Upc249.4, Upc 2463, lipc243.0
IJpC 130.9 ov. ov. ov. ov. ov.

N 5.49, found: C 37.50, H 3.55, N 5.40%.

S'p('H} 8: 16.96 (s).

'H (NaOD/D,0), 8: 3.95 (d, *Jpy 16.41, 1H, PCH), 7.57 (i, 2H, ., 4-CF;—CH.,), 7.67 (m, 2H, 0. 4-
CF,—CH,).

“F (NaOD/D,0), 8: 61.94 (s).

FAB ms (thioglycerol), m/z [%]: 511 2M + H, 20.6), 256 (M + H, 52.5), 186 (14.6), 176 M + H —
HPO,, 12.1), 174 M + H — H,PO;, 100), 155 (M + H — F, 29.2), 130 (72.7).

a-Amino-(3'-trifluoromethoxyphenyl-)methanephosphonic Acid 6h
Yield: 43%, m.p. 277-280°C, C, H, N analysis: CgHF;NOP, M.Wt. = 271.13, requires: C 35.44, H 3.35,
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TABLE X

Part I: 'C{'H} NMR data of the fluorinated N-benzylidene-1,1-diphenylmethylamines 10. “C{'H}
NMR (10% CDCl,, TMS), & [ppm], Mult., “Jxy [Hz]

No 8¢ CI C2 C3 C4 CS cé R
10a 13255,d, 13032,d, 11558,d, 16433,d, 11558,d, 13032, d, -
L 4Jpc28  3ge86  Upc219  Npc2508 2gc219  3Jpc86
10a 133.28,d, 131.00,d, 116.25,d, 165.02,d, 116.25,d, 131.00,d, -
(D) Jpc3l 3gpc86  Apc219  Upc2508 2ipc2l9  3Ipc 86
10b 13932,d, 11508,d, 163.70,d, 11837,d, 130.71,d, 12527,d, -
D) 3pc13 Upc22  Upc2464 2Upc217 Npc80  4Ipc2S
10c 12386,d, 16233,d, 11563,d, 124.24,d, 12807,d, 13231,d, -
L) 2pc 94 lpc2525 20pc211 336 Ypc28  3Ipc 86
10d 134.24,dd, 11795,dd, 151.36,dd, 152.72,dd, 117.11,dd, 12586,dd, -
(D) 3Ipc 5.5, 2Upc 178, Upc 2491, Upc 2529, 2gc 180, 3Jpc 6.8,

4pc3.6  3Jgc07  2pc131  AUpc13a 3Jgcll Ype3s
10e 13935,s  12865,s  12549,q, * 125.49,q, 12865, s  132.29,q,
L) 3Jpc 38 3Jpc38 Npc 2593
10e 14007,q, 12932,s  12616,q, 133.00,q, 126.16,q, 12932,s  124.66,q,
D) Slpc 13 3Ipc38  Upe324  3Ipc38 Upc2726
1of 137.68,s  12578,q, 131.79,q, 127.89,q, 132.26,q, 129.73,s  124.66,q,
(D) 3ipc38  20pc326  3Ipc38  4pc 12 l1pc 2724
10g 15161,q, 13059,s  121.51,q, 129.83,q, 121.51,q, 13059,s 121114,
(D) SJgc 1.8 YNpc 10 3Jpc894  Ypclo pc 2578
10h 138.37,s 12992, s  14958,q, 12694 s  123.02,s  120.43,s  120.49,q,
(L) 3pc 19 LJgc 2575
10 111.34,dd, 146.05 dm, 137.77,dm, 14189 dm, 137.77,dm, 146.05, dm, -
(L) Upc 116, Vg 2554, Upc 2498, lpc268.1, Upc 2498, lipc 2554,

overlapping overlapping overlapping overlapping overlapping overlapping

N 5.17, found: C 36.62, H 3.54, N 5.40%.

YP{'H} & 17.29 (s).

'H (NaOD/D,0), &: 3.87 (d, *Jus 16.2, 1H, PCH), 7.21 (m, 1Huyem. 3-CF;,O—C(H,), 7.33-7.47 (m,
3H,0m, 3-CF;0—CH,).

“F (NaOD/D,0), & —57.62 (s).

FAB ms (3-NOBA), m/z [%]: 308 (100), 290 (70.8), 272 (M + H, 24.6), 254 (M + H — H,0, 28.5),
189 (15.8), 166 (51.7).

a-Amino-(pentafluorophenyl-)methanephosphonic Acid 6i

Yield: 18%, m.p. 268-270°C, C, H, N analysis: C;H,F,NO,P, M.Wi. = 277.09, requires: C 30.34, H
1.82, N 5.06, found: C 31.04, H 2.15, N 5.38%.

*'P{'H} &: 15.32 (m).

"H (NaOD/D,0), &: 4.20 (d, ey 17.5, 1H, PCH).

¥F (NaOD/D,0), 8: —9.47 (m), —25.96 (m), —31.22 (m).

FAB ms (thioglycerol), m/z {%]: 555 (2M + H, 40.2), 386 M + H + T, 2.7), 278 (M + H, 74.6), 196
(M + H -~ H,PO,, 100), 178 (67.9), 130 (72.7).

Preparation of Fluorinated Dialkyl N-Diphenylmethylaminoarylmethanephosphonates by Method C (Ad-
ditivn of Substances with P—H Bonds to N-Protected Imines, Variation b)) (Scheme IV)

Fluorinated N-Benzylidene-1, 1-diphenylmethylamines 10a—g: 0.05 mol of the fluorinated benzaldehyde
7 was mixed under nitrogen with 0.05 mol diphenylmethylamine. A strongly exothermic reaction oc-
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TABLE X
Part II: >C{'H} NMR data of the fluorinated N-benzylidene-1,1-diphenylmethylamines 10

L A
@1_ 122~11
4 CH=N—CH g ¢ 10
s e 7 10°
2 11
No. 8¢ N-CH a-CH cr7 cs/ 8 co/ 9 Cl0/10 _CIl/11' Cl12/12
10a 77.80,s 15930,s 143795 * 12890, s 126.66,5 12890,s *
L)
10a 78.47, s 159.96,d, 14455 s 12830,s 129,10,s 127.69,s 129,10,s 128.30,s
D) SIFC 0.6
10b 78.47,s 160.11,d, 14433,s 12829 s 129.16,s 127.76,s 129.16,s 12829, s
D) 4 3.0
10¢ 78.38,s 154.02,d, 144.19,s 127.59,s 12845 s 127.03,s 12845 s 127.59,s
® 3pc4s
10d 78.36,s 158.95,dd, 144.25,s 128.25,s 129.18,s 12780,s 129.18 s 12825 s
D) Ypc2s,
SIpc 1.7
10e 77.98,s 15937,s 143.49,s 127.61,s 12855 s 127.19,s 12855 s 127.61,s
L)
10e 78,65,s 16002,d, 144.19,s 12831,s 129.22,s 12786 s 12922 s 12831,s
®) SIpc 0.4
10f 78.60,s 159.94,s  144.18,s 128.33,s 12922,s 12785 s 12922, s 12833,s
D)
10g 78.54,s 159.76,s  144.36,s 12831,s 129.17,s 127.78,s 129.17,s 12831,s
D)
10h 77.86,s 159.18,s  143.54,s 127.61,s 128.52,s 127.14,s 12852 s 1276l s
L)
10i 79.78,s 149.10,d, 143.02,s 127.46,s 12863,s 127375 12863,s 127.46,s
@) 3Ipc 25
TABLE XI
Part I: “C{'H} NMR data of the fluorinated dimethyl
N-diphenylmethylaminoarylmethanephosphonates 11a.
“C{'H} NMR (10% CDCI,, TMS), & [ppm],
Mult., "Jyy [Hz]
No. 8¢ CH3(1) CH3(2) CHP CHN
1laa 5391,d, 54.60,d, 57.64,d,  6430,d,
D) 2pc70 2pc69 lipc1562 3lpc 168
11ae 54.02,d, 5476,d, 58.17,d,  64.60,d,
D) Upe7.0 Zpc10 lipc1545 3Jpc 165
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TABLE XI

Part I1: “C{'H} NMR data of the fluorinated dimethyl
N-diphenylmethylaminoarylmethanephosphonates 11a

No. 3¢ Cl c2 c3 C4 Cs cé R
11aa 132.07,dd, 13085, dd, 116.26,dd, 163.19,dd, 116.26,dd, 130.85,dd, -
(D) Ypc20, 3Ipc81, 2pc215, Upc246.7, Upc215, 3gcs.l,
2jpc32  3ipc64  Ypc22  Skpe32 YIpc22  3Ipeé4
11ae 141.07,dq, 129.62,d, 126.08,dq, 130.77,dq, 126.08,dq, 129.62,d, 124.78,dq,
D) Ygc37, 3Ipc324, Upe37,  Npe324, Y37, Mpc2721,

25pc 13, 3Ipc60  Aipc25  Sipc31 4pc25  3ipc60  Slpcl2
overlapping

TABLE XI

Part III: ')C{'H} NMR data of the fluorinated dimethyl
N-diphenylmethylaminoarylmethanephosphonates 11a

8 9
3 2 7 10
1 12 11
4 CH—NH—CH g ¢ 11a
R |
5 6 7 10°
HC—07 I o-cn, A=/ |
0 )
No. 6c CU7T C8/8, C9/9 C10/10 clyl1r, Cc12/12
11aa 14236,s, 127.83,s, 129.12,s, 12791, s, 127.83,s, 129.12;s,
D) 144.05,s  128.38,s, 129.36,s 128.17, s 128.38, s, 129.36, s
11ae 142.19,s, 127.84,s, 129.20,s, 128.04, s, 127.84,s, 129.20, s,
D) 143.81,s 128.37,s, 12947, s 128.26, s 128.37,s, 129.47 s

curred, with the development of turbidity, and the solution became light yellow. The condensation re-
action was completed by heating on a boiling water bath (4—10 h) to give a clear, yellow solution, with
water droplets separating on the upper part of the flask. After cooling, the oily reaction mixture was
dissolved in dichloromethane and dried over Na,SO,. Filtration, followed by rotary evaporation of the
filirate gave a yellow oil which solidified after 1—3 days at room temperature to give a waxy, light
yellow solid (Table V).

N-4-Fluorobenzylidene-1,1-diphenylmethylamine 10a

'H NMR (6% CDCl,, TMS), 8: 5.57 (bs, 1H, CHPh,), 7.0-7.11 (m, 2Huun., 4-F—CH,—C), 7.16-
741 (m, 10H, 0, 2 X C4Hs), 7.71-7.88 (m, 2H, o, 4-F—CH,—C), 8.35 (bs, 1H, =—=CH).

F NMR (6% CDCl,, CF; int.), 8: 52.26-52.51 (m, 1F, 4-F—CH,—C).

N-3-Fluorobenzylidene-1, I-diphenylmethylamine 10b

C, H, N analysis: C,H,;;FN, M.Wt. = 289.35, requires: C 83.02, H 5.57, N 4.84, found: C 82.71, H
541, N 4.70.%.

'H 8:5.60 (bs, 1H, CHPh,), 7.05-7.15 (m, 1Hom, 3-F—CeHy;—C), 7.18-7.42 (n, 10H,00., 2 X CsHs
+ 1H,om, 3-F—CH,—C), 749-7.55 (m, 1H, o, 3-F—CeH,—C), 7.59-7.66 (m, 1H.o,, 3-F—
C¢H,—C), 8.38 (bs, 1H, =CH).

“F 8: 48.69-48.82 (m, IF, 3-F—CH,—C).

N-3,4-Difluorobenzylidene- 1, 1-diphenylmethylamine 10d

C, H, N analysis: C,oH,sF;N, M.Wt. = 307.34, requires: C 78.16, H 4.92, N 4.56, found: C 78.12, H
4.84, N 4.44.%.
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TABLE XII

Part I: ®C{'H} NMR data of the fluorinated diethyl
N-diphenylmethylaminoarylmethanephosphonates 11b. *C{'H} NMR
(10% CDCl,;, TMS), 8 [ppm], Mult., "Jxy [Hz]

No. 8¢ CH3(l) CH3(2) CHp(3) CHp(4) CHP CHN

11ba 16.83,d, 17.16,d, 6330,d, 6372,d, 57.92,d, 64354,
D) 31pc 59 3Ipc61 Upc69 Upc70 lipc1559 3ipe16.7
11bb 16.80,d, 17.13,d, 6336,d, 63.77,d, 5835,dd, 6448 4,
D) 31pc 59 3¥pc 60 Upc69 Upc70 lipc1548, 3Ipc 16
Ypc 1.7
11bd 16.90,d, 17.18,d, 63.42,d, 6387,d, 57.86,dd, 64534,
D) 31pcs8 31pc60 2pc69 20pc70 lpc 1554, 3Ipc 162
YEc 12
11be 16.82,d, 17.15,d, 6344,d, 6393,d, 5848,d,  64.6l,d,
(D) 31pc 59 3Ipc60 pc70 Upc70 lipc 1539 3ipc 163
11bf 16.76,d, 17.09,d, 6350,d, 6390,d, 5852d,  64.70,d,
D) 31pc 6.0 3Jpc60 2Upc70 Upc70 lpc 1543 3ipciel
11bg 16.79,d, 17.15,d, 6338,d, 63.84,d, 5805.d, 6452 d,
D) 31pc 5.9 3Ipc60 2pc70 20pc70 lpc 1551 ipc 164

'H 8: 5.58 (bs, 1H, CHPh,), 7.09~7.51 (m, 10H..n, 2 X CHs + 2Heom, 3,4-F,—CH;—C), 7.69-
7.82 (m, 1Huom.» 3,4-F2—CsH;—C), 8.31 (bs, 1H, =CH).
“F &: 24.52-24.75 (m, 1F, 3,4-F,—CH,—C), 27.75-27.98 (m, 1F, 34-F,—CH;—C).

N-4-Trifluoromethylbenzylidene-1, 1-diphenylmethylamine 10e

'H &: 5.62 (bs, IH, CHPh,), 7.18-7.42 (m, 10H,0m., 2 X CgHs), 7.60-7.67 (m, 2H o, 4-CF—
CH,—C), 7.88-7.95 (m, 2H,,n, 4-CF;—C.H,—C), 8.43 (bs, 1H, =CH).

“F &: 98.97 (bs, 3F, 4-CF;—CH,—C).

N-3-Trifluoromethylbenzylidene-1, I-diphenylmethylamine 10f

C, H, N analysis: C,,H,(F;N, M.Wt. = 339.36, requires: C 74.33, H 4.75, N 4.13, found: C 74.16, H
467, N 4.11.%.

'H 8: 5.63 (bs, 1H, CHPh,), 7.19-743 (m, 10H,0,, 2 X CgHs), 7.46-7.56 (m, 1H,em, 3-CF;—
CH,—C), 7.62-7.69 (m, 1H,.., 3-CF;—CH,—C), 7.97-8.02 (m, 1H,,n, 3-CF,—C.H,—C),
8.09-8.11 (m, 1H 0. 3-CF,—CH,—C), 8.44 (bs, 1H, =CH).

¥F & 99.09 (bs, 3F, 3-CF;—CH,—C).

N-4-Trifluoromethoxybenzylidene-1, I-diphenylmethylamine 10g

C. H, N analysis: C,H,sFsNO, M.Wt. = 355.36, requires: C 70.98, H 4.54, N 3.94, found: C 70.73, H
449, N 3.92.%.

'H &: 5.60 (bs, 1H, CHPh,), 7.17-7.42 (m, 10H,n, 2 X CeHs + 2Hyom, 4-CF,0—CH,—C), 7.82-
7.89 (m, 2H,,0m, 4-CF;,0—C4H,—C), 8.39 (bs, 1H, =CH).

F §: 104.05 (bs, 3F, 4-CF,0—CH,—C).

Fluorinated Dimethy! N-Diphenylmethylaminoarylmethanephosphonates 1laa—ae: 0.02 mol of the
fluorinated N-benzylidene-1,1-diphenylmethylamine 10 and 0.03 mol dimethyl phosphite were mixed
together under an atmosphere of nitrogen. An endothermic reaction occurred and a yellowish suspension
was formed. In order to complete the phosphite-addition reaction the mixture was heated at 100°C (4-
5 h) to give a clear, yellowish, oily liquid. Cooling in an ice/water bath gave a highly viscous oil with
a white solid. The suspension was dissolved in hot methanol. After cooling the solution was placed in
a refrigerator: a white precipitate of the nitrogen protected dimethyl aminophosphonate 11a formed after
a few days, which was filtered off (using a G3-sintered glass filter), washed with ether, dried in a vacuum
desiccator over silica gel, and purified by recrystallization from methanol/ether mixtures (Table VI).

Dimethyl N-Diphenylmethylamino-(4'-fluorophenyl-)methanephosphonate 11aa
C, H, N analysis: Co,H,FNO,P, M.Wt. = 399.40, requires: C 66.16, H 5.80, N 3.51, found: C 65.93, H
5.94, N 3.62%.
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TABLE X1I

Part II: *C{'H} NMR data of the fluorinated diethyl
N-diphenylmethylaminoarylmethanephosphonates 11b

No. ¢ Cl (@) c3 C4 Cs Cé R

11ba 132.36,dd, 130.88,dd, 116.10,dd, 162.70,dd, 116.10,dd, 130.88,dd, -

D) 4pc 20, 3Igc81,  2gc215,  lpc2464, Upc215, 3Jpc 8.1,
2ipc32 3ipc63  4pc22  Sipe36 Ypc22 3Ipc63

11bb 139.48,dd, 116.11,dd, 163.57,dd, 115.51,dd, 130.59,dd, 124.94,dd, -

(D) 3Jpc 68,  2pc219, lipc246.6, pc212, 3Igc8l,  4Ipc29,
2Jpc20  3lpc61l  4pc25  Sipc30 4pc24 3pc63

11bd 133.97,ddd, 118.12,ddd, 15070, ddd, 151.07,ddd, 117.92, ddd, 125.31,ddd, -

(D) Ypc 3.8, 23pc 124, ZJpc 124, Ypc 28,

35pc 50,  Upc 178, lpc2483, Upc2485, 2pc173, 3Ipc64,
2ipc 23 3Ipes9,  4pe33 Sipc26  Ypc23,  pcle

overlapping overlapping
11be 14072, dq, 129.59,d, 12627,dq, 130.96,dq, 126.27,dq, 129.59,d, 124.74, dq,
(D) 3Jpc 38, Upc325, 3Jpc3s, Upc 2721,

2pc =13, 3Ipc61  4pc24  Sipc31l  Ypc24 3ipc6l  SGipcl3
overlapping

1ibf 138.01,d, 126.24,dq, 131.48,dq, 12537,dq, 132.46,dq, 129.66,d, 12472, dq,
(D) 3pc38,  Upc323. 3c37. Ygc ST, Uge 2723,
21pc 23 pc6d  4Ypc24  Slpc32  Apcl2 3lpc24 Sipc0s
11bg 13547,d, 130.67,d, 121.54,dq, 14956, dq, 121.54,dq, 130.67,d, 121.14,dq,
1)) 3Ec 3.5, ljpc 2572,
2lpc2t 3pc62  4ipell,  Sipc13 dpcll,  3pc62  Tipcld
overlapping overlapping

*P{'H} NMR (6% CDCl,, 85% H,PO, ext.), & 26.49 (d, “J: 4.8).

*H NMR (6% CDCI,, TMS), 8: 2.50 (bs, 1H, NH), 3.51 (d, *Jpu 10.5, 3H, CH,), 3.86 (d, *J,, 10.6, 3H,
CH,), 395 (d, “Juy 21.6, 1H, PCH), 4.64 (d, *Jyy 1.2, 1H, CHPh,), 7.00-7.13 (m, 2H,.., 4-F—
CH,—C), 7.13-7.37 (n, 10H,, 2 X CeHs + 2H, ., 4-F—C.H,—C).

"F NMR (6% CDCl,, CF, int.), &: 47.71-47.89 (m, |F, 4-F—C¢H,—C).

Dimethyl N-Diphenylmethylamino-(4'-trifluoromethylphenyl-)methanephosphonate 11ae

PU'H) 8: 25.72 (q, Jer 2.3).

'H &: 3.55 (d, *Jpy 10.6, 3H, CHy), 3.86 (d, *Jiy 10.6, 3H, CH,), 4.05 (d, *Jpy 22.7, 1H, PCH), 4.63 (d,
*Juu 1.1, 1H, CHPh,), 7.14-7.36 (m, 10H,0m, 2 X CHs), 7.43-7.49 (m, 2H,.q, 4-CF,—CH,—C),
7.61-7.67 (m, 2H,.,,, 4-CF,—CH,—C).

“F 5. 99.24 (bs, 3F, 4-CF,—CH,—C).

Fluorinated Diethyl N-Diphenylmethylaminoarylmethanephosphonates 11ba-bg: 0.02 mol of the fluo-
rinated N-benzylidene-1,1-diphenylmethylamine 10 was mixed with 0.02 mol diethyl phosphite under
nitrogen; with slight cooling a pale yellow suspension resulted. The reaction was completed by heating
(8-14 h) at 100°C when an intensively yellow solution was formed. Cooling gave a highly viscous oil,
which was dissolved in methanol. After concentration on a rotary evaporator at water pump pressure,
the solution was placed in a refrigerator to give the nitrogen protected diethyl aminophosphonate 11b
as a waxy, pale yellow, solid precipitate, which was filtered off (using a G3-sintered glass filter), washed
with cooled ether, dried in a vacuum desiccator over silica gel, and purified by recrystallization from
methanol/ether mixtures (Table VII).

Diethyl N-Diphenylmethylamino-(4' -fluorophenyl-)methanephosphonate 11ba

C, H, N analysis: C,,H,;FNO,P, M.Wt. = 427.45, requires: C 67.44, H 6.37, N 3.28, found: C 67.14, H
6.51, N 3.38%.

*P{'H} NMR (6% CDCl,, 85% H,PO, ext.), & 24.13 (d, Jpr 4.8).
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TABLE XII

Part TII: ®C{'H) NMR data of the fluorinated diethyl
N-diphenylmethylaminoarylmethanephosphonates 11b

8 9
| 122 =11
4 CH—NH—CH g o 11b
R
5 6 7 10°

P
H,C-H,C—07 | N 0o~CH,-CH, 12' 1I’
o3 ° @wo

No. 8¢ CUT C8/8, CY/ 9 Cl10/ 10' Cll/ 11, Cl12/12
11ba 142.52,s, 127845, 129.07,s, 127.84;s, 127845 129075
®) 144.15,s  128.42,s, 12928,s  12803,s 128425 12928 s
11bb 14245,s, 12783,s, 129.07,s, 12782s,  127.83,s, 129.07,s,
1)) 144.05,s  128.40,s, 129285 12805 s  128.40,s 12928 s
11bd 14235,s, 127.85,s, 129.15,5, 12796,s,  127.85 5 129.15,s,
D) 143.92,s  12839,s, 12940,s  128.18,s 12839 s, 129.40,s
1ibe 14237,s, 12784,s, 129.13,s, 12794,s,  127.84,s, 129.13,5,
®) 143.92,s 128395, 12937,s  128.16,s  12839,s, 129375
11bf 142315,  12790,s, 129.13,s, 127945, 127905, 129.13,5
D) 143.88,s 128395, 12938,s  128.18)s 128395 12938, s
11bg 142.50,s,  127.87,s, 129.12,s, 127.90,5,  127.87,s, 129.12,s,
D) 144.05,s 128435, 12934,s  128.12,s  128.43,s, 129.34,s

'H NMR (6% CDCl,, TMS), &: 1.20 (dt, *Jyuy 7.1, *Jou 0.5, 3H, CH;), 1.35 (dt, *Jyy 7.1, “Jpy 0.5, 3H,
CH,), 3.76-4.04 (m, 2H, CH,), 4.07-4.34 (m, 2H, CH,), 3.92 (d, */py 22.2, 1H, PCH), 4.65 (d, */ux
1.1, 1H, CHPh,), 6.99-7.13 (n, 2H, 0, 4-F—C¢H—-C), 7.14-7.36 (m, 10H,,cc., 2 X CsHs + 2H,0m.,
4-F—C¢H,—C).

YEF NMR (6% CDCl,, CF int.), 8: 47.37-47.55 (m, 1F, 4-F—CH,—C).

Diethyl N-Diphenylmethylamino-(3'-fluorophenyl-)methanephosphonate 11bb

C, H, N analysis: C,JH;FNO,P, M.Wt. = 427.45, requires: C 67.44, H 6.37, N 3.28, found: C 67.37, H
6.32, N 3.28%.

3p('H) &: 23.68 (d, *Jor 1.7).

H 8 1.11 (dt, Ly 7.1, “Jox 0.5, 3H, CH,), 1.35 (dt, *Ji 7.1, *Jey 0.5, 3H, CH,;), 3.69-4.06 (m, 2H,
CH,), 4.07-4.34 (m, 2H, CH,), 3.93 (d, *Jpy 22.4, 1H, PCH), 4.67 (d, *Jim 1.0, 1H, CHPh,), 7.04-7.42
(m, 10H, 0, 2 X CeHs + 4H o, 3-F—CH,—C)

“F &: 48.70-48.84 (m, 1F, 3-F—CH,—C).

Diethyl N-Diphenylmethylamino-(3',4’-difluorophenyl- )methanephosphonate 11bd

C, H, N analysis: C,,H,F,NO,P, M.Wt. = 445 .44, requires: C 64.71, H 5.88, N 3.14, found: C 64.55,
H 5.91, N 3.18%.

3Mp(iH} & 23.43 (dd, “Jer 5.1, *Tpr 1.8).

H 8: 1.15 (dt, *Jum 7.1, “Juy 0.5, 3H, CH;), 1.35 (dt, *Jun 7.1, *Joy 0.5 Hz, 3H, CH,), 3.74-4.08 (m, 2H,
CH,), 4.07-4.33 (m, 2H, CH,), 3.90 (d, %/, 22.2, 1H, PCH), 4.65 (d, *Jiy 0.9, 1H, CHPh,), 7.00-7.56
(m, 10H,.,, 2 X CH; + 3H,m, 3.4-F,—CH;—C).

“F §: 23.02-23.28 (m, IF, 3,4-F,—C:H;—C), 24.57-24.80 (m, IF, 3,4-F,—CH,—O).

Diethyl N-Diphenylmethylamino-(4’-trifluoromethylphenyl-)methanephosphonate 11be

P{'H} & 23.39 (q, Ver 2.3).

H & 1.12 (dt, 3y 7.1, “Jen 0.5, 3H, CH3), 1.35 (dt, *Jiy 7.1, Jpy 0.5, 3H, CHy), 3.72-4.07 (m, 2H,
CH,), 4.07-4.34 (m, 2H, CH,), 4.02 (d, *Jpy 22.6, 1H, PCH), 4.64 (bs, 1H, CHPh,), 7.20-7.56 (m,
10Huom. 2 X CeHs + 2H,.,, 4-CF;—C¢H—C) 7.59-7.67 (mn, 2H,rom, 4-CF;—CsH,—C).



Downloaded by [Universite Laval] at 23:28 06 October 2014

AMINOARYLMETHANEPHOSPHONIC ACIDS

TABLE XIII
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Part I: *C{'H} NMR data of the fluorinated dipheny! N-diphenylmethylaminoarylmethanephosphonates
11c. "C{*H} NMR (10% CDCl,, TMS), & [ppm], Mult., “Jy [Hz]

No. &8¢ CHP CHN C13/13  Cl4/14  C15/15 Cl6/16 _ C17/17  C18/18'
11ca 57.64,d,  6430,d, 15099,d, 120.89,d, 130.18,d, 125.63,d, 130.18,d, 120.89,4d,
D) Lipc 1562 3Ipc 168 2Upc 9.6, 3lpc44, 4pc09, Sipcll, 4Ipc09, 3ipc4s,
151.53,d, 121.10,d, 13032,d, 125.73,d, 13032, d, 121.10,d,

25pc 96 3ipc44  4ipc08 Sipcll 4lpc08 3ipc4as

11cb 58.53,dd, 64.68,d, 15097,d, 12088,d, 13020,d, 125.68,d, 130.20,d, 120.83,4,
D) 1pc 1583, 3Ipc 173 20pc 9.7, 3Jpc 44, 4pc09, Slpcl2, 4pc09, 3ipc4a,
4pc 1.8 15149,d, 121.08,d, 13033,d, 12576,d, 130.33,d, 121.08,d,

21pc 9.7 3Ipc4S5  4pc09 Sipcll 4Ipc09 3ipc4s

1lcd 58.23,dd, 64.69,d, 15092,d, 12084,d, 13030,d, 12581,d, 130.30,d, 120.84,d,
o) I1pc 1586, 3Ipc17.1 2pc 9.6, 3lpc44, Mpc 09, Skpcl2, pc0.9, 3lpc4.4,
Ypc 13 151.42,d, 121.04,d, 13040,d, 12588,d, 130.40,d, 121.04,d,

21pc96  3lpc4Ss  pc09 Slpcll 4Ipc09 3ipc4s

1lce 58.66,d,  6479,d, 150.93,d, 120.83,d, 130.26,d, 12579,d, 130.26,d, 120.83,d,
D) Lipc 1570 3Jpc 171 2pc96, 3lpc4s, Npc09, Sipcl2, 4pc0.9, 3ipc4a,
15143,d, 121.07,d, 13040,d, 125.88,d, 130.40,d, 121.07,d,

25pc 9.7 3Ipc45  4pc09 Sipcly 4Ipc 09 3pc4s

1icf 58.61,d,  6479,d, 15093,d, 12078 d, 13028 d, 12576,d, 130.28,d, 120.78,d,
D) pc 1573 3Ipc 170 20pc 96, 3pc4.5, %pc 08, Sipcll, 4pc08, 3ipc4s,
151.40,d, 121.04,d, 13041,d, 125.89,d, 130.41,d, 121.04,d,

21pc96 3lpc45 “4Ipc08 Sipcll 4pc08 3ipc4s

eg 58.25,d, 6468 d, 15097,d, 12082 d, 130.19,d, 12568 d, 130.19,d, 12082,d,
D) 11pc 1580 3Ipc 172 21pc 96, 3pc44, Ypc09, Skpcl2, 4pc09, 3lpc4d,
151.47,d, 121.08,d, 13035 d, 12580, d, 13035 d, 121.08,d,

25pc 9.7 3Ipc4s Mpc09 Sipcll 4pc09 3ipc4s

¥E §: 99.27 (bs, 3F, 4-CF;—CH,—C).

Diethyl N-Diphenylmethylamino-(3'-trifluoromethylphenyl-)methanephosphonate 11bf
P{'H} & 23.30 (q, Jpr 0.6).

'H & 1.12 (dt, iy 7.1, *Jeu 0.5, 3H, CH,), 1.34 (dt, *Jy 7.1, “Jpu 0.5, 3H, CH,), 3.73-4.07 (m, 2H,
CH,), 4.05-4.32 (m, 2H, CH,), 4.02 (d, *Jex 22.4, 1H, PCH), 4.65 (bs, 1H, CHPh;), 7.18-7.64 (m,
10H, o, 2 X CeHs + 4H,., 3-CF,—CeH,—C).

¥F §: 99.14 (bs, 3F, 3-CF,—CH,—C).

Diethyl N-Diphenylmethylamino-(4'-trifluoromethoxyphenyl-)methanephosphonate 11bg

C. H, N analysis: C;sH;,FiNO,P, M.Wt. = 493 .46, requires: C 60.85, H 5.51, N 2.84, found: C 60.70,
H 5.65, N 2.87%.

*'P{'H) & 23.79 (5).

'H & 1.10 (dt, *Jy 7.1, oy 0.5, 3H, CHy), 1.35 (dt, *Ji 7.1, ‘T 0.6, 3H, CH;,), 3.69—-4.05 (m, 2H,
CH,), 4.07-4.33 (m, 2H, CH,), 3.96 (d, ¥y 22.3, 1H, PCH), 4.66 (d, “Jiz 0.9, 1H, CHPh,), 7.13-7.40
(m, 10H,,0m, 2 X CH; + 4H,,, 4-CF,0—CH,—C). -

®F §: 103.96 (bs, 3F, 4-CF;—C¢H,—C).

Fluorinated Diphenyl N-Diphenylmethylaminoarylmethanephosphonates 1lca-cg: 0.02 mol of the
fluorinated N-benzylidene-1,1-diphenylmethylamine 10 and 0.02 mol diphenyl phosphite were mixed
together under an atmosphere of nitrogen, when a weakly exothermic reaction occurred and a yellowish
suspension was formed. In order to complete the phosphite-addition reaction the mixture was heated at
100°C (4-8 h), to give a clear, yellow, oily liquid. Solidification occurred on cooling to give a waxy,
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TABLE X1l

Part II: “C{"H} NMR data of the fluorinated diphenyl
N-diphenylmethylaminoarylmethanephosphonates 11¢

No. 8¢ ClI 2 c3 C4 Cs Cé R
1ica 131.28,dd, 131.24,dd, 116.43,dd, 163.41,dd, 11643, dd, 131.24,dd, -
D) 3ipc 82,  pc216,  1Ipc2473, 2216, 3Ipc82,
2pc 14,  3Ipc69  4pc22  Sipe33 4Ypc22  3Ipc 69
overlapping
11¢cb 138.31,dd, 116.49,dd, 163.68,dd, 116.09,dd, 13094, dd, 12523,dd, -
D) 31pc 68, Upc222, Upc2471, 2AUpc213, 3Jpc82,  4gc30,
2pc 13 3Ipc66  Npc2s Sipc32 Ypc23 3Ipe 6
1led 132.79, ddd, 118.50,ddd, 151.19,ddd, 150.99,ddd, 118.25,ddd, 125.67, ddd, -
D) 3lge 50,  Upc174, Upc2489, lpc2490, 2Ipc 170, 3Jpc67,
YpC 38, Apc 120, Zgc 120, 4EC 3.,
Zpcts 3pe70,  Npe2s Sipc34  Ypco0s6,  3ipc3s,
overlapping overlapping overlapping
1lce 139.94,dq, 12996,d, 12638 ,dq, 131.31,dq, 12638,dq, 129.96,d, 124.71,dq,
D) SIpc 13, 35pc38, Upe32s,  3Ipc3s, lpc 2722,
2;pc 13 3ipc6s  4pc24 Sipc32 Ypc24 ipc=66 Sipc32
11cf 136.91,d, 12656,dq, 131.76,dq, 125.94,dq, 132.78,dq, 130.00,d,  124.60, dq,
D) 3Jpc38,  2pc32s, Y 6.1, e 2725,
2jpc 14 3Jpc72  Ype23 Ypc12  3Jpc24  Skpc 06
overlapping
1lcg 13434,d, 131.03,d, 12184,dg, 14990,q, 121.84,dg, 131.03,d, 121.13,dg,
(D) Ypc 11, 3BIpc18 Ypc i, lpc 2573,
25pc 13 3ipc 6.7 3Ipc67  Tipc 1.0
overlapping overlapping

yellowish solid, which was dissolved by boiling under refiux in a mixiure of ethanol and methanol. On
cooling in an ice/water bath, the nitrogen protected diphenyl aminophosphonate 11c separated as a fine
white powder which was filtered off, washed free of oil with cooled ether, and finally dried in a vacuum
desiccator over silica gel. The product was purified by recrystallization form THF/ether mixtures (Table
VIII).

Diphenyl N-Diphenylmethylamino-(4'-fluorophenyl-)methanephosphonate 11ca

C, H, N analysis: C,H,;FNO,P, M.Wt. = 523.54, requires: C 73.41, H 5.20, N 2.68, found: C 73.34, H
5.36, N 2.70%.

*IP{'H} NMR (6% CDCl,, 85% H,PO, ext.), & 16.78 (d, % 5.1).

'H NMR (6% CDCl,, TMS), 5: 4.21 (d, Joy 22.5, 1H, PCH), 4.64 (d, *Jis 1.2, 1H, CHPh,), 6.72-6.80
+ 6.92-7.35 (n, 10Hom, CH(C¢Hs)s + 10Hu0m, P(OCsHs), + 4H,pp, 4-F—CH—C).

®F NMR (6% CDCl,, C¢F int.), &: 48.24-48.42 (m, 1F, 4-F—CH,—C).

Diphenyl N-Diphenylmethylamino-(3'-fluorophenyl-)methanephosphonate 11cb

C, H, N analysis: C,,H,;FNO,P, M.Wt. = 523.54, requires: C 73.41, H 5.20, N 2.68, found: C 73.30, H
5.30, N 2.76%.

'P('H) & 16.33 (d, *Jpr 1.8).

'H & 275 (bs, 1H, NH), 4.31 (d, sy 22.8, 1H, PCH), 4.75 (d, *Jus 1.1, 1H, CHPh,), 6.83-691 +
6.99-7.40 (m, 10H.0m, CH(CHs), + 10H 0, P(OCeHs), + 4Hom, 3-F—CH—C).

F 5. 49.46-49.59 (m, 1F 3-F—CH,—C).

Dipheny! N-Diphenylmethylamino-(3',4’-difluorophenyl-)methanephosphonate 11cd

C, H, N analysis: C5,H,sF,NO,P, M.Wt. = 541.53, requires: C 70.97, H 4.84, N 2.59, found: C 70.77,
H 5.00, N 2.65%.
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TABLE XIIl

Part 11I: C{'H} NMR data of the fluorinated diphenyl
N-diphenylmethylaminoarylmethanephosphonates 11c

8 9
1 2 7, 10
@1_ 12 11
4 CH—NH—CH g ¢ 11c
R
3.6 7 10
166:-30/5\0131’4 1516‘ o
v 1s ° 18" 17’
No. 8¢ CU7 C8/8, CY/9 C10/ 10" Ciy/ 1, C12/12'
1lca 142.36,s, 127.83,s, 129.12,s, 12791,s, 127.83,s, 129.12, s,
D) 144.05,s  12838,s, 12936,s  128.17,s 12838,s, 129.36,s
11ch 142.09,s, 127.81,s, 128.50,s, 128.03,s, 127.81,s, 128.50,s,
D) 143.82,s  129.19,s, 129.41,s  12823,s 129.19,s, 129.41,s
11cd 14196,s, 127.80,s, 129.24,s, 128.12s, 127.80,s, 12924, s,
D) 143.66,s  128.46,s, 129.50,s  128.34,s 128.46,s, 12950, s
1ice 142.01,s, 127825, 129.24,s, 128125, 127.82,s, 12924, s,
D) 143.69,s  128.48,s, 12949, s 12833, s 128.48,s, 12949, s
1lef 141.94,s, 127.85,s, 12925,s, 128.12s, 127.85,s, 129.25,s,
) 143.65,s  128.47,s, 129.50,s  12835,s 128.47,s, 129.50, s
1lcg 142,12, s, 127.82,s, 12848, s, 128.05, s, 127.82,s, 128.48,s,
D) 143.78,s  129.19,s, 129.43,s  128.25,s 129.19,s, 129.43,s

YP'H} & 1591 (dd, *Jor 5.4, *Jpp 1.8).

'H 8: 2.59 (bs, 1H, NH), 4.19 (d, *Jpy 224, 1H, PCH), 4.65 (d, *Juu 1.1, IH, CHPh;), 6.79-7.31 (m,
10H. o, CH(CeHs)» + 10H,0m, P(OCeHs); + 3H,om, 3.4-F,—CH,—C).

®F §. 23.90-24.17 (m, IF 34-F,—CH,—C), 25.14-25.39 (m, 1F, 3,4-F,—CsH,—C).

Diphenyl N-Diphenyimethylamino-(4'-triflucromethylphenyi-)methanephosphonate 11ce

'P{'H)} &: 1595 (q, Jer 2.3).

'H &: 4.39 (d, *Jpy 22.9, 1H, PCH), 4.72 (d, *Juu 0.7, 1H, CHPh,), 6.81-6.89 + 7.03-7.39 (m, 10H .,
CH(CHs); + 10H . P(OCeHs)), 7.51-7.67 (m, 4H,pp, 4-CF;—CH,—C).

YE §: 99.15 (bs, 3F 4-CF;~—CH,—C)

Diphenyl N-Diphenylmethylamino-(3'-trifluoromethylphenyl-)methanephosphonate 11cf

MP{'H} 8: 15.87 (q, *Jpe 0.7).

'H & 4.29 (d, *Jpy 22.8, I1H, PCH), 4.63 (bs, 1H, CHPh,), 6.74-6.82 + 6.91-7.23 (m, 10H.cu,
CH(C¢Hs), + 10H, 00, P(OCcH;),), 7.37-7.57 (m, 4H om, 3-CF;—CH,—C).

F & 99.16 (bs, 3F, 3-CF,—CH,—C)

Diphenyl N-Diphenylmethylamino-(4'-triflucromethoxyphenyl-)methanephosphonate 11cg
C. H, N analysis: C;;H,;F;NOP, M.Wt. = 589.55, requires: C 67.23, H 4.62, N 2.38, found: C 67.30,
H 4.69, N 2.38%.
SP{'H} & 16.37 (s).
'H &: 4.24 (d, *Jpy 22.6, 1H, PCH), 4.65 (d, *Juu 0.7, 1H, CHPh,), 6.67-6.75 + 6.90—7.38 (m, 10H. .,
CH(CHs); + 10H,10m, P(OCcHs)2 + 4Hpom, 4-CF;—CsH,—O).
YF 8. 104.01 (bs, 3F, 4-CF,0—CH,—C).
BC-NMR-data of compounds 6, 10, and 11 are listed in Tables IX~XIII.
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