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ABSTRACT

a- RBCl, (3 equiv.)
85 °C, toluene, 15 h
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" R?Clz 6
fo-t-tcHant-o)-
n

R

—O-

N-Alkyl/aryl-a- and B-aminoalkylphosphonic acids can be effectively prepared by reductive alkylation of azidoalkylphosphonates with
organodichloroboranes. The reaction is accompanied by simultaneous dealkylation of the phosphonates occurring via polyborophosphonates.

Aminoalkylphosphonic acids are probably the most important sponding free amino acids often requires harsh reaction
substitutes for the corresponding amino acids in biological conditions incompatible with many functional groups. For
systems. Acting as antagonists for amino acids, they inhibit example, the hydrolysis conditions of the diethyl phosphonate
enzymes involved in amino acid metabolism and thus affect

the physiological activity of cells. These actions may be (1) For reviews, see: (a) Drey, C. N. C.@hemistry and Biochemistry

exerted as antibacterial, plant growth regulatory or neuro- of the Amino AcidsBarrett, G. C., Ed.; Chapman and Hall: London, 1985;
modulatory effectd pp 25—54. (b) Hiratake, J.; Oda, Biosci. Biotechnol. Biocheni997,61,
y ] ' . 211. (c) Kafarski, P.; Lejczak, BPhosphorus, Sulfur, Silicof991, 63,
o- andp-aminoalkylphosphonates have been synthesized 193. (d) Griffith, O. W.Annu. Rev. Biocheni986,55, 855—878.

i 3 i ; _ (2) Reviews: (aEnantioselective Synthesis @®fAmino Acids; Juaristi,
by various route$3 However, their hydrolysis to corre E.. Ed.: Wiley-VCH: New York, 1996, (b) Cole, D. Tetrahedron994,
50, 9517. (c¢) Kukhar, V. P.; Yu Svistunova, N.; Solodenko, V. A,

* To whom correspondence should be addressed. &8 2 43 83 33 Soloshonok, V. ARuss. Chem. Re1993, 62, 261. (d) Gubnitskaya, E.
66. E-mail: mortier.cloet@wanadoo.fr. S.; Peresypkina, L. P.; Samarai, L.Russ. Chem. Re#990, 59, 807.
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group require treatment with pure hydrochloric or hydro- employed, for shorter reaction time or lower temperatures,
bromic acid for several houfsBesidesN-alkyl/aryl-a- and mixtures of the compounds—6 in various amounts were
B-aminoalkylphosphonic acids, which represent an interesting obtained.

group of antimicrobial and antifungal agedtsare not The optimized conditions (3 equiv of borane, 15 h heating
effectively prepared by known methotl%.The abilty to at 85°C) were used for the synthesis of a seriedNedilkyl-
synthesize a variety of these bifunctional molecules from a a-aminomethylphosphonic acids (Scheme 2 and Table 1).
common intermediate would greatly simplify the preparation

of such derivatives. "

In this paper, we wish to present a general synthesis Scheme 2
leading toN-alkyl/aryl-o- and$-aminoalkylphosphonic acids - RBCl, (7-12 , 3 equiv.)
based on reductive alkylation ef-and $-azidoalkylphos- 85 °C, toluene, 15 h
. . .. Ng(CHy),PO(OEY), » RNH(CH,),PO(OH),.HCI
phonates with organodichloroboranes. The transformation is - MeOH
accompanied by simultaneous dealkylation of the phospho- }3 ::21 %1_;'3-18 f:1=_12

nates occurring via polyborophosphonates.
A useful method to prepare secondary amines is the

reductive alkylation of organic azides with alkylboraries. Alkyldichloroboranes7—11 were reacted with azidoalkyl-
Unexpectedly, no reductive alkylation was observed when phosphonatesl and 13! to yield the HCI salt of the
diethyl o-azidomethylphosphonate flyvas heated with 1 correspondingN-alkyl-o- andB-aminoalkylphosphonic acids
equiv of cyclohexyldichloroboraner)® for 4 h at 85°C. 6, 14—17, and19—23in excellent yields. With phenyldi-

Instead a-azidomethylphosphonic acid (3) was obtained chiloroborane (12), the reaction became more sluggish and
(Scheme 1}° The use of 3 equiv of gaveN-cyclohexyl- the yield dropped off.

Scheme 1 Table 1. Synthesis of N-Substituted- and
C ol @) B-Aminophosphonic Acid Hydrochlorida8
2
N4CH,PO(OR1)(OR)) ——————— O—NHCHZPO(OH‘)(ORZ). Hel product yield® product yield

toluene RBCI, R = (n=1) (%) (n=2) (%)

1 R = R2 = OFEt 4 R' =R = OEt
2 R1 =H, B = OEt 5 Rl = H, R = OEt cyclohexyl (7) 6 95 19 85
3R =R2=H 6 R =R2=H 1-octyl (8) 14 98 20 83
1-hexyl (9) 15 98 21 85
2,3-dimethyl-1-butyl (10) 16 84 22 82
(1R,2S,3R,5R)-isopino- 17 94 23 85¢

a-aminomethylphosphonic aci@)(in excellent yield (95%) camphéyl (11)¢
after 15 h at 85°C. When less than 3 equiv of was phenyl (12) 18 42

a b - . .
(3) For some selected and recent syntheses of racemic and optically active, See ref 9 All Compo!‘mds exhibited anal'yt|cal and SpeCtral data in

o-aminomethylphosphonic acids and esters: (a) Uziel, J.; GenétRiisB. dact_:ordance with the assigned structufeSbtained fr%m )-a-pinene.

J. Org. Chem1997,33, 11521. (b) Yokomatsu, T.; Minowa, T.. Yoshida, Yields of p_urmed compounds (recrystallizatio)la] %% —50.0 (c0.2,

Y.; Shibuya, SHeterocycles1997,44, 111. (c) Boduszek, B2hosphorus Hz0/TFA 90:10).

Sulfur Silicon Relat. Elem.997 122, 27. (d) Seki, M.; Kondo, K.; Iwasaki,

T. J. Chem. Soc., Perkin Trans. 1996, 3. (e) Aller, E.; Buck, R. T.;

Drysdale, M. J.; Ferris, L.; Haigh, D.; Moody, C. J.; Pearson, N. D.; To gain mechanistic insight into these transformations, we
Sanghera, J. Bl. Chem. Soc., Perkin Trans1996, 2879. (f) Mikolajczyk, . 9 . 9 . )
M.; Lyzwa, P.: Drabowicz, J.; Wieczorek, M. W.; Blaszczyk, Chem. carried out a multinuclear NMR monitoring of the reaction

goc.,dclherg. Cogp?h‘f% 1505. t(tg_’eggguguge,zﬁéaDe(ﬂi)at# i.;t:/\/ori]s.ell,_'P.; of a-azidomethylphosphonatg with cyclohexyldichloro-
randclaudon, PTetrahedron Le , 36, . akahashi, H.; 2 : :
Yoshioka, M.; Imai, N.; Onimura, K.; Kobayashi, Synthesid994, 763. b‘?r?”e (7)1 The NMR spectra taken Immed'_ately after
(i) Groth, U.; Lehmann, L.; Richter, L.; Schéllkopf, Uiebigs Ann. Chem. mixing at —30 °C indicated the clean formation of the
1993, 427. For some recent syntheses of optically agtiaminoethylphos- expected comple24 (Scheme 3}3 Heating of the sample
phonic, see ref 2a,b. ’

(4) Alternative method of deprotection in the presence of trialkylsilyl

haiides: MoKenna, C. £.; Higa, M. T4 Cheung, K. 1. Mekenna, v ¢, TN NN

Tetrahedron Lett1977,18, 155.

(5) Preparation oi-alkyl-a-aminomethylphosphonic acids by Mannich- Scheme 3
type reactions of primary amines with formaldehyde and phosphorous cl Cl 65 °C
acids: (a) Moedritzer, K.; Irani, R. Rl. Org. Chem1966, 31, 603. (b) N o-—\B'_O 15h
Courtois, G.; Miginiac, L.Synth. Commuril991,21, 201. Condensation 147 —80 C, N.CH —||='—0Et
reactions of corresponding primary amines witichloromethylphosphonic cDel, e Okt —2E1CI
acids: (c) Schwarzenbach, G.; Ackermann, A.; RuckstuhHétv. Chim. 24
Actal1949 32, 1175. (d) Fredericks, P. M.; Summers, L.ZA Naturforsch. |
C 1981, 36, 242. Reaction oN-alkyl-N-hydroxymethylformamides with 0
phosphorus trichloride: (e) Tyka, R.; Hagele, &nthesis984, 218. %o—r!’—o—llae MeOH 3. <:>—B OH
(6) Preparation ofN-alkyl-3-aminoethylphosphonic acids by phospho- | n (OH)e
rylation of f-bromoalkylamines with chlorophosphates: Brigot, D.; Col- N3H,C
lignon, N.; Savignac, PTetrahdron1979, 35, 1345. 26

(7) (a) Suzuki, A.; Sono, S.; Itoh, M.; Brown, H. C.; Midland, M. NL.
Am. Chem. S0d.971,93, 4329. (b) Brown, H. C.; Midland, M. M.; Levy, 25
A. B.; Suzuki, A.; Sono, S.; Itoh, MTetrahedron1987,43, 4079.
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containin@4for 15 h at 65°C was accompanied by evolution
of ethyl chloride (detected itH and3C NMR) and led to
dramatic changes in NMR spectra: broad resonancs,in
13C, 11B, and®P NMR spectra indicated the presence of a
polymeric material5 with tetracoordinated borom{'B =
—4), tetracoordinated phosphord§'P = 0), and untouched
azido group (unchang€dN spectrum). Methanolysis of the
reaction mixture gave-azidomethylphosphonic acig)(and
cyclohexylboronic acidZ6). Thus, reaction of with 1 equiv
of 7 does not result in the reductive alkylation of the azido
group but instead gives a polym@b, similar to those
recently synthesized either by reaction of trialkylboranes with
phosphonic acid4 or by treatment of silyl esters of phos-
phonic acids with alkyldichloroboranés.

Addition of 3 equiv of7 to 1 equiv ofl at—10°C resulted
in a vigorous evolution of nitrogen. Théd and3C NMR
of the reaction mixture displayed the signals of a cyclohexyl
CHN group [*H = 3.70 (1t,3Jaa= 11.5 Hz,3J,e = 3.1 H2),
013C = 57.67 (d,%Jcp = 12.0 Hz)]. Integral intensities in
theH NMR spectrum showed two ethoxy groups and three
cyclohexyl rings for one CHP group. No signals of azido
group were found in th&N spectrum. In thé'B spectrum,

in the reaction ofl with 3 equiv of7, the reductive alkylation
takes place prior to ethoxy groups cleavage, and selective
preparation of4 is possible if the reaction is carried out at
—10°C.

Broad resonances in thl, 1°C, 1B, and®’P NMR spectra
of the sample obtained after 15 h heating af65ndicated
the formation of a polymer. The phosphorus spectrum
displayed two broad maxima at= 22 (LW, = 1200 Hz)
and 38 (LW, = 600 Hz), both corresponding to pentavalent
phosphorus. These two maxima in the phosphorus spectrum
may be due to the presence of species with and without
coordinated cyclohexyldichloroborane or, for example, cyclic
and noncyclic oligomers. In the boron spectrum, an extremely
broad resonance centered at approximately 32 ppm was
detected together with two sharp signals of unequal intensity
at 2 and 7 ppm. The methanolysis of this sample gave
N-cyclohexyla-aminomethylphosphonic acié)(in excellent
yield (95%) together with cyclohexylboronic acidg) and
boric acid (29). These data allow us to conclude that the
hydrolysis of ethoxyphosphonate groups observed together
with the reductive alkylation of azidoalkylphosphonates
proceeds via polyme28, which in contrast t@4 contains

three signals of equal intensity at 5.7, 11.7, and 32.8 ppm pentavalent phosphorus and trivalent boron.

were observed. The chemical shift in phosphorus NMR (
= 26.17) is near to that in complexd (6 = 24.53). We

Having in mind the established mechanism of methanoly-
sis, by appropriate choice of reagents and conditions one

conclude that the observed NMR spectra Correspond tOCan Se|ective|y prepare any of the Compounds of the type

complex27 (Scheme 4). Methanolysis of this sample gave

Scheme 4
4
MeOH
30 °C (33%)
E j MB=117
511B=57 %C'Z
(_rBCl2 0
-10°C 1
1 +7 (3equiv) —> Cl,B—N—CH,—P(OEt),
CDCl,
s11B=328
27
BCl,
65°C BCI2 3 o
_15h Q MeOH o
{ —N—CH,-P— E— 6 (95%)
-2 EtCI | (5 n 30°C  + 26 + B(OH) (29)]]
I
28

1B =2, 7, 32 (broad)

diethyl N-cyclohexyl-a-aminomethylphosphonaté) (with
small admixtures of semiest®and phosphonic aciél Thus,

(8) 1 was obtained by treatment of diethgtiodomethylphosphonate
(Lancaster) with sodium azide in DMSO: Berté-Verrando, S.; Nief, F.;
Patois, C.; Savignac, PPhosphorus, Sulfur, Silicoh995,103, 91.
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2—6.16 Additionally, N-ethylaminoalkylphosphonat&§ and
31 were prepared by treating azidophosphonatesid 13,
respectively, with triethylborane (Scheme 5). The reaction

Scheme 5
Ng(CH,),,PO(OE! BEY, tolueng EtNH(CH,),,PO(OE
), ————= Et t
3{CHZ)n PO(OEY), #5°C, 151 (CH,),PO(CEt),
1 n=1 30 n=1(61%)
13 n=2 31 n=2(83%)

CI(CH,)3BCl, (32)

CI{CH ,)3NHCH ,PO(OEL),.HCI
toluene, 20 °C (CHz)s 2PO( &

33 (76%)

7 (3 equiv.)
5 (33%)
toluene, 20 °C, 4 h

of 3-chloropropyldichloroborane (32) and-azidometh-
ylphosphonatel) at 20 T for 4 h gave33, whereas treating
cyclohexyldichloroborane7) (3 equiv) at 20°C for 15 h
produced selectively monoester

(9) Alkyldichloroboranes were prepared in situ from corresponding
alkene, BG4, and EtSiH: Soundararajan, R.; Matteson, D.Gxganome-
tallics 1995,14, 4157.

(10) Preparation ofN-methyl-o-amino acid derivatives from-azido
acids, amides, and esters with #8r: Dorow, R. L.; Gingrich, D. EJ.
Org. Chem.1995,60, 4986.

(11) 13 was prepared by reaction of diethydbromoethylphosphonate
(Lancaster) with sodium azide: Ohashi, K.; Kosai, S.; Arizuka, M.;
Watanabe, T.; Yamagiva, Y.; Kamikawa, Tetrahedron1989,45, 2557.

(12) For the NMR experiment§,was synthesized by hydroboration of
cyclohexene with HBGlin the presence of Bgl Brown, H. C.; Ravindran,
N.; Kulkarni, S. U.J. Org. Chem1980,45, 384.
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In conclusion, a general approachNealkyl/aryl-a- and

first time with dichloroboranes. We are in the progress of

B-aminoalkylphosphonic acids has been presented, based offurther delineating the scope of this reaction in addition to
the treatment of boranes with azidophosphonates. Thepreparing other N-substituted aminoalkylphosphonic acids
cleavage of diethylphosphonates can be conducted for thefrom azidoalkylphosphonic acid derivatives.

(13) Spectral data for diethyl azidomethylphosphonate-cyclohexyldi-

chloroborane complex2¢): *H NMR (300 MHz, CDC}, 297 K) 6 0.64
(tt, 1H, CHB,3Jaa= 11.7 Hz,3J5¢ = 2.7 Hz), 1.06 (m, 2H of cyclohexyl),
1.19 (m, 4H of cyclohexyl), 1.45 (t, 6H, 2GH3J = 7.1 Hz), 1.70 (br m,
4H of cyclohexyl), 1.81 (m, 2H of cyclohexyl), 4.17 (d, 2H, M2 =
11.4 Hz), 4.55 (m, 4H, 2C§D); 13C NMR (75 MHz, CDC}, 300 K) o
16.19 (d, 2CH, 3Jcp = 5.4 Hz), 27.20, 27.79, 28.72 (3GHdf cyclohexyl),
35.5 (br, CHB), 45.07 (d, C#P, 1Jcp = 155.8 Hz), 66.5 (br, 2C4D); 3P
NMR (121 MHz, CDC}, 297 K) 6 24.53;*'B NMR (96 MHz, CDC}, 297
K) 60 11.7; N NMR (22 MHz, CDC}, 297 K) 6 —332 (br), —164.8,
—135.3.

(14) Walawalkar, M. G.; Murugavel, R.; Roesky, H. W.; Schmidt, H.-

G. Organometallics1997,16, 516.

(15) Diemert, K.; Englert, U.; Kuchen, W.; Sandt, Angew. Chem.,
Int. Ed. Engl.1997,36, 241.

(16) Representative Experimental Procedure.Preparation ofN-cy-
clohexyl-a-aminomethylphosphonic acid hydrochlorid®. (In a round-

bottom flask under argon, a mixture of triethylsilane (2.49 mL, 15.6 mmol)

and cyclohexene (1.28 g, 15.6 mmol) previously cooled-@8 °C was
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added dropwise to neat trichloroborane (1.82 g, 15.6 mmoty %8 °C.

The resulting reaction mixture was allowed to warm over a period of 2 h
to room temperature. In a second flask equipped with a condenser and
purged under argon was introduced diethiyhzidomethylphosphonate (3)
(155 mg, 0.80 mmoll M in toluene). Dichloroborang& (2.4 mmol, 1 M

in toluene) was added dropwise, and the resulting mixture was stirred for
15 h at 85°C. The solution was slowly allowed to warm to room
temperature, and dry methanol (326, 8 mmol) was added. Addition of
dry ether (5 mL) gave a white precipitate that was filtered and dried.
N-Cyclohexyl-a-aminomethylphosphonic acid hydrochloride (6) was re-
crystallized with MeCN—MeOH—KD (95%): mp 235°C dec;'H NMR
(D20, 300 MHz)6 (ppm) 1.19—1.38 (m, 5H), 1.581.67 (m, 1H), 1.76-

1.86 (m, 2H), 2.02—2.18 (m, 2H), 3.11-3.23 (m, 1H), 3.14 (d, 2Hp =

13.1 Hz);3C NMR (D20, 50 MHz) (ppm) 24.4, 24.8, 28.9, 40.93%c =
139.0 Hz), 59.2%0pc = 6.9 Hz);3P NMR (D0, 121 MHz)6 (ppm) 10.4;
HRMS calcd for GH17NOsP 194.0946, found 194.094; SM (LSIM8)/z
194.1 [M+ H*.
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