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Abstract: An excellent method for a one-pot conversion of N-pro-
tected a-aminoalkylphosphonous acids into the corresponding
monomethyl phosphonates, using thionyl chloride in methanol, has
been devised. N-Protected monomethy! a-aminoalkylphosphonates
are valuable intermediates in the preparation of phosphapeptides.
Key words: a-aminoakylphosphonous acids, a-aminoakylphos-
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Replacement of peptide bonds by phosphonamidate,
phosphonate or phosphinate moieties results in peptide
anal ogues (phosphapeptides) which closely resemble the
high-energy tetrahedral transition state of enzyme-cata-
lyzed amide bond hydrolysis or formation.! These stable
transition-state analogues form an important class of en-
zyme, particularly protease, inhibitors.2 Complex phos-
phapeptides play an important role in the development of
catalytic antibodies with protease-like activity and speci-
ficity.®

The three phosphorus peptide bond replacements have
both similarities and differencesin the waysin which they
are assembled. The synthesis of phosphonates and phos-
phonamidates commonly begins with N-protected o-ami-
noa kylphosphonate monoesters. These are usually first
converted into the phosphonochl oridates, using chlorinat-
ing reagentslike thionyl or oxalyl chloride,* and then cou-
pled with the appropriate alcohol or amine component,
respectively. For the preparation of phosphonate peptide
analogues, N-protected a-aminoakylphosphonate mo-
noesters can be also activated by BOP-CI,> BOP,
PyBOP® and TPP/DIAD in a modified Mitsunobu
reaction’, and then coupled to the appropriate alcohol.
Syntheses of phosphonamidates from the same precursors
(N-protected a-amino phosphonate monoesters), activat-
ed by DPPA 2 DCC?® and BOP,*° have also been reported,
but data on the usefulness of these methods are contradic-
tory. An alternative synthesis of the phosphonates and
phosphonamidates involves the in situ conversion of N-
protected H-phosphinate esters into phosphonochlori-
dates, using carbon tetrachloride and triethylamine.

Phosphonic acid monoesters are thus very important syn-
thons for preparing phosphapeptides. They can be pre-
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paed by one of three methods. via direct
monoesterification of phosphonic acids with alcohols in
the presence of condensing reagents (such as DCC,?
DCC/TEA,®® CCI,CN,** SOCI,/DMF, BroP* or
TpyClU), via hydrolytic (LiOH, NaOH)*" or nonhydro-
lytic (NaN;,*® LiN,,® Me,SiBr,’2119 t-BuNH,,° DAB-
CO2 Nal,”? PhSH%) selective ester cleavage of
symmetrical or unsymmetrical phosphonate diesters, or
via hydrolysis of the corresponding phosphonochlori-
dates, @ prepared by the direct action of PCls?* or
(COCl),?* on a phosphonate diester, or by treatment of a
phosphonyl dichloride with one equivalent of the appro-
priate alcohol.?® In addition, monomethy! esters of alky-
Iphosphonic acids can be successfully converted into
other monoesters, since methyl esters are easily re-
moved.’a™®

In 1986 Karanewsky described an alternative synthesis of
phosphonic monoesters from phosphonous acid.? It is a
two step procedure in which phosphonate monoesters are
prepared by DCC/DMAP-mediated esterification of
phosphonous acid, followed by oxidation of the resulting
phosphinate ester in a second reaction step. However, the
transformation involves two separate synthetic steps. Fas-
trez et a. have achieved a one-pot conversion of a-ami-
noalkyl phosphonous acids into monoethyl a-
aminoalkylphosphonates using iodine/ethanol .2’ Howev-
er, there is no indication on the applicability of this reac-
tion for the synthesis of N-protected monomethyl a-
aminoalkylphosphonates. The latter are much more
common and convenient synthons for preparing phos-
phonate-, 41772528 phosphonamidate-*?° and even phos-
phinate-peptides®*® as well as building blocks for
assembling combinatorial libraries® than the ethyl
counterparts, since the deprotection of a methyl ester ap-
pears to be more facile than that of an ethyl ester.*8

To the best of our knowledge, a one-pot transformation of
phosphonous acid into phosphonate monomethyl ester
has not yet been described. We report here a new, short,
one-pot synthesis of N-protected monomethyl a-ami-
noalkylphosphonates 2 from N-protected o-aminoalky-
Iphosphonous acids 1 (Schemel). We succeeded in
achieving this single step transformation during the
course of our investigations aimed at developing new
phosphapeptides with potential biological activity.832
The starting compounds 1 were readily synthesized by N-
protection of a-aminoalkylphosphonous acids,®*° which
were obtained by the method developed by Baylis et al.3*
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This method, which involves Strecker-type condensation
of amines with aldehydes and anhydrous hypophospho-
rous acid, has been recently improved using microwave
irradiation under solvent free conditions.®® a-Aminoalkyl-
phosphonous acids can also be prepared by alkylation of
the N-protected aminomethyl phosphonous acid at the C, -
position.¥

)R\O SOCI,. McOH RS
Pe doon —— o pe. S ome
&\N p~ g\H P\/

N \ 0 °C 15 min,
H r.t. 15 min,
reflux 2 h OH
1 2

Scheme 1

We have now found that racemic N-protected a-ami-
noa kylphosphonus acids la—h are rapidly transformed
into the corresponding monomethyl phosphonates 2a—h,
using thionyl chloride in methanol (Scheme 1, Table 1).
In order to show the generality of the reaction we have
prepared several monomethyl phosphonate ana ogues of
a-amino acids, N-protected with the two most commonly
used protecting groups, benzyloxycarbonyl (Cbz) and 9-
fluorenylmethoxycarbonyl (Fmoc) (Table 1). The overall
yields of the reactions are high, especially if we take into
consideration the fact that two reactions, oxidation and se-
lective esterification occur in a single step.

Tablel Monomethyl a-Aminoakylphosphonates 2a—h Prepared
(Scheme 1)

Product R Pg Yield® mp
(%) (°C)

2a CH, Chz 65 105-108°
2b CH(CH.), Cbz 69 93-95¢
2c CH,CH(CHs), Cbz 77 114-115°
2d CH(CH,)CH,CH;  Chbz 79 84-87
2e CH, Fmoc 71 158-160f
2f CH(CH2), Fmoc 84 135-137"
29 CH,CH(CH,), Fmoc 75 136-138
2h CH(CHa)CH,CH, Fmoc 86 147-149

aYields of isolated, pure products.

b The structures of all compounds were confirmed by *H NMR, 3P
NMR, IR and mass spectra. For new compounds satisfactory elemen-
tal analyses were obtained.

€Lit.?® mp 108 °C.

4 Lit.1* mp 93-96 °C.

€Lit.%* mp 118-119 °C.

f Melting points not given in the literature.3®

To summarize, we have presented here an expeditious
one-pot conversion of N-protected a-aminoakylphospho-
nous acids into the corresponding monomethyl phospho-
nates. The reaction is fast, the procedure is simple and it
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leads to versatile N-protected monomethyl a-amino-
alkylphosphonates, which are valuable intermediates for
preparing phosphapeptides. Speed and simplicity make
this method attractive and potentially useful in thefield of
preparative and medicinal chemistry.

All reagents and solvents were of commercial grade and used as
such. Melting points were determined using a Rei chert hot stage mi-
croscope and are uncorrected. Elemental C, H, N analyseswere per-
formed at the Faculty of Chemistry and Chemical Engineering,
University of Ljubljana, on a Perkin-Elmer elemental analyzer 240
C. IR spectra were measured by a Perkin-ElImer FTIR 1600 instru-
ment on KBr pelleted samples. Mass spectrawere obtained by aMi-
cromass AutospecQ mass spectrometer using FAB ionization.
NMR spectra were obtained on a Bruker Avance DPX 300 instru-
ment. *H NMR spectrawere done at 300.13 MHz with tetramethyl-
silaneasaninternal standard and 3'P NMR spectrawere done at 121
MHz using H;PO, as an externa standard.

1-{[(9H-Fluor en-9-yImethoxy)car bonyl]amino}-3-methylbu-
tylphosphinic Acid [1g; Pg = Fmoc, R = CH,CH(CH3),]
Compound 1g was prepared from 1-amino-3-methyl butyl phosphin-
ic acid according to the literature procedure of Yiotakis.®® Yield:
97%; mp 158-160 °C; R; 0.59 (CHCl,-MeOH-ACcOH, 7:2:1).

IR (KBr): 3284, 2958, 1724, 1547, 1451, 1267, 1098, 985, 140, 530
cm.

IH NMR (DM SO-dg): § =0.83 (d, 3H, J = 6.4 Hz, CH5), 0.90 (d, 3
H, J= 6.8 Hz, CH,), 1.30-1.44 [m, 1 H, CH(CH,),], 1.45-1.72 (m,
2 H, CH,CH), 356-3.71 (m, 1 H, PCH), 4.18-4.39 (m, 3 H,
CHCH,0), 6.725 (d, 1 H, J = 518 Hz, PH), 7.28-7.93 (M, 8 H,1).

3P NMR (DMSO-dy): & = 29.79.
MS (FAB): m/z= 374 (M + H)*, 396 (M + Na)*.

Anal. Calcd for C,H,,NO,P-0.25H,0: C, 63.57; H, 6.53; N, 3.71.
Found: C, 63.61; H, 6.21; N, 3.40.

1-{[(9H-Fluor en-9-yImethoxy)car bonyl]amino}-2-methylbu-
tylphosphinic Acid [1h; Pg = Fmoc, R = CH(CH3)CH,CH,4]
Compound 1h was prepared from 1-amino-2-methylbutyl phosphin-
ic acid according to the literature procedure of Yiotakis3® Yield:
95%; mp 128-130 °C; R; 0.66 (CHCl,-MeOH—-ACOH, 7:2:1).

IR (KBr): 3290, 2966, 1689, 1534, 1450, 1294, 974, 740 cm™.

IH NMR (DMSO-dy): & = 0.84 [2 t, J=7.345, 7.345 Hz, 3 H,
CH(CH)CH,CH], 097 [2 d, J=6.78, 678 Hz, 3 H,
CH(CH3)CH,CHg], 1.12-1.95 [m, 3 H, CH(CH)CH,CH,], 3.43—
3.78 (m, 1 H, PCH), 4.18-4.38 (m, 3 H, CHCH,0), 6.79 (2d, 1 H,
LJpy = 509.8, 506.7 Hz, PH), 7.27-7.94 (M, 8 Haon).

3IPNMR (DMSO-dg): 3 = 30.03 (1 P), 29.10 (1 P).
MS (FAB): m/z= 374 (M + H)*, 396 (M + Na)*.

Anal. Calcd for C,H,4NO,P: C, 64.33; H, 6.48; N, 3.75. Found: C,
64.53; H, 6.65; N, 3.60.

N-Protected Monomethyl a-Aminoalkylphosphonates 2a—h
from N-Protected a-Aminoalkylphosphonous Acid 1la—h; Gen-
eral Procedure

N-Protected o-aminoalkylphosphonous acid 1a-h (3 mmol) was
dissolved in anhyd MeOH (25 mL), cooled to 0 °C, and SOCI,
(0.714 g, 6 mmol) was then added dropwise. The reaction mixture
was stirred at 0 °C for 15 min, then alowed to warm to r.t. and
stirred for an additional 15 min. Afterwards the mixture was re-
fluxed for 2 h and concentrated in vacuo. The residue was triturated
with CH,CI, (50 mL), filtered and the filtrate was concentrated in
vacuo. The concentrated filtrate was suspended in H,O (50 mL) (the
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pH of the solution was 1-2), triturated, cooled to 0 °C and aqg 2 M
NaOH added dropwise with constant stirring until pH of the solu-
tion became 9-10. The alkaline solution was washed with EtOAc
(3% 30mL), cooled to 0 °C and acidified to pH 1 by dropwise ad-
dition of conc. HCI while stirring. The product 2a—h was precipitat-
ed as a white solid, which was filtered and washed with Et,O
(3% 10 mL). All productsthus obtained were identified by compar-
ison of their NMR, IR, MS data and melting points with the values
reported in the literature.}**2% For all new compounds (2d, 2g, 2h)
satisfactory elemental analyses were also obtained.

Methyl Hydrogen 1-{[(Benzyloxy)car bonyl]amino}ethylphos-
phonate (2a)

Mp 105-108 °C (Lit.2» mp 108 °C); R;0.42 (CHCl,~MeOH—
AcOH, 7:2:1).

IR (KBr): 3291, 1693, 1544, 1455, 1305, 1056, 817, 694 cm™.

IH NMR (DMSO-dg): 8 = 1.37 (2 d, 3 H, J = 7.54, 7.15 Hz, CH.),
3.73(d, 3H,J = 10.93 Hz, POCH,), 4.05-4.30 (m, 1 H, PCH), 5.13
(s, 2 H, ArCH,), 7.307.40 (M, 5 Hyyon)-

3P NMR (DMSO-dy): & = 29.46.
MS (FAB): m/z= 274 (M + H)".

Methyl Hydrogen 1-{[(Benzyloxy)car bonyl]amino}-2-methyl-
propylphosphonate (2b)

Mp 93-95°C (Lit.** mp 93-96 °C); R;0.51 (CHCl-MeOH-
AcOH, 7:2:1).

IR (KBr): 3329, 2969, 2284, 1716, 1682, 1531, 1456, 1390, 1294,
1254, 1170, 1049, 1002, 911 cm™.

IH NMR (DMSO-dy): § = 0.995 (d, 3H, J = 6.78 Hz, CH,), 1.03 (d,
3 H, J=6.78 Hz, CHy), 2.14-2.30 [m, 1 H, CH(CH5),], 3.71 (d, 3
H, J = 10.93 Hz, POCH,), 3.99-4.15 (m, 1 H, PCH), 5.15 (s, 2 H,
ArCH,), 7.30-7.40 (M, 5 Hyom)-

3P NMR (DMSO-dy): & = 24.00.
MS (FAB): m/z= 302 (M + H)*, 324 (M + Na)*.

Methyl Hydrogen 1-{[(Benzyloxy)car bonyl]amino}-3-methyl-
butylphosphonate (2¢)
Mp 114-115 °C; R; 0.46 (H,0-MeOH-MeCN, 1:1:3).

IR (KBr): 3284, 2956, 1688, 1544, 1450, 1309, 1269, 1184, 1037,
790, 696, 568 cmL.

IH NMR (DMSO-dg): 3 = 0.825 (d, 3 H, J = 6.4 Hz, CH5), 0.88 (d,
3 H, J=6.4 Hz, CH,), 1.31-1.46 [m, 1 H, CH(CHy),], 1.49-1.70
[m, 2H, CH,CH(CH,),], 3.55 (d, 3H, J = 10.55 Hz, POCH,), 3.75—
3.93 (M, 1 H, PCH), 5.05 (s, 2 H, ArCH,), 7.28-7.38 (M, 5 Hyoy).

SIPNMR (DMSO-dg): & = 25.43.
MS (FAB): m'z=316 (M + H)*, 338 (M + Na)*.
Methyl Hydrogen 1-{[(Benzyloxy)car bonyl]amino}-2-methyl-

butylphosphonate (2d)

Mp 84-87 °C; R; 0.43 (CHCl;—MeOH-ACOH, 7:2:1).

IR (KBr): 3299, 2963, 1719, 1541, 1457, 1244, 1168, 1059, 990,
742, 568 cm .

'H NMR (DMSO-dg): 6 = 0.83[2t, J= 7.335, 6.785 Hz, 3 H,
CH(CH;)CH,CH;], 0945 [2 d, J=6.78, 6.78 Hz, 3 H,
CH(CH;)CH,CH;], 1.06-1.88 [m, 3H, CH(CH,)CH,CH,], 3.535 (2
d, 3 H, J=10.565, 10.535 Hz, POCH,), 3.64-3.99 (m, 1 H, PCH),
5.06 (s, 2 H, ArCH,), 7.28-7.40 (m, 5 Hom)-

SIP NMR (DM SO-dy): & = 24.69 (1 P), 24.54 (0.5 P).

MS (FAB): mz=316 (M + H)*, 338 (M + Na)*.

Anal. Calcd for C,,H,,NOgP: C, 53.33; H, 7.03; N, 4.44. Found: C,
52.97; H, 7.17; N, 4.50.

Methyl Hydrogen 1-{[(9H-Fluor en-9-ylmethoxy)car bonyl]ami-
no}ethylphosphonate (2€)

Mp 158-160 °C (L.it.%® mp not reported); R; 0.42 (CHCI;-MeOH-
AcOH, 7:2:1).

IR (KBr): 3284, 3065, 1690, 1542.5, 1450, 1305, 1048, 739 cm™.

IH NMR (DMSO-dg): 8 = 1.24 (2 d, 3 H, J = 7.16, 7.16 Hz, CH,),
355 (d, 3 H, J=10.55 Hz, POCHS,), 3.75-3.92 (m, 1 H, PCH),
4.17-4.35 (m, 3 H, CHCH,0), 7.27-7.94 (M, 8 Hyqn)-

3P NMR (DMSO-dy): & = 25.02.
MS (FAB): m/z= 362 (M + H)".

Methyl Hydrogen 1-{[(9H-Fluor en-9-ylmethoxy)car bonyl]ami-
no}-2-methylpropylphosphonate (2f)

Mp 135-137 °C (Lit.% mp not reported); R; 0.47 (CHCI;—-MeOH-
AcOH, 7:2:1).

IR (KBr): 3290, 2960, 1689, 1543, 1450, 1214, 1045, 990, 741
cm,

'H NMR (DM SO-dg): 5 =0.96 (t, 6 H, J = 6.78 Hz, CH;), 1.98-2.15
[m, 1H, CH(CH,),], 3.55(d, 3H, J = 10.55 Hz, POCH,), 3.62-3.78
(m, 1 H, PCH), 4.16-4.33 (m, 3 H, CHCH,0), 7.27-7.93 (m, 8
Harom)-

SIP NMR (DMSO-dg): & = 24.54.

MS (FAB): m'z=390 (M + H)*, 412 (M + Na)*.

Methyl Hydrogen 1-{[(9H-Fluor en-9-ylmethoxy)car bonyl]ami-
no}-3-methylbutylphosphonate (2g)

Mp 136-139 °C; R; 0.63 (CHCl,—-MeOH—-ACOH, 7:2:1).

IR (KBr): 3300, 3066, 2955, 1710, 1536, 1450, 1265, 1044, 988,
739, 563 cm™L.

IH NMR (DM SO-dy): § = 0.82 (d, 3H, J = 6.4 Hz, CHj), 0.90 (d, 3
H, J = 6.4 Hz, CH,), 1.34-1.51 [m, 1 H, CH(CH,),], 1.53-1.75 (m,
2H, CH,CH), 3.57 (d, 3H, J = 10.55 Hz, POCH,), 3.75-3.95 (m, 1
H, PCH), 4.16-4.35 (M, 3 H, CHCH,0), 7.27-7.92 (M, 8 Hon)-
3P NMR (DMSO-dy): & = 25.55.

MS (FAB): m/z= 404 (M + H)*, 426 (M + Na)*.

Anal. Cacd for C,H,xNOsP-0.5 H,O: C, 61.16; H, 6.60; N, 3.40.
Found: C, 61.09; H, 6.71; N, 3.67.

Methyl Hydrogen 1-{[(9H-Fluor en-9-ylmethoxy)car bonyl]ami-
no}-2-methylbutylphosphonate (2h)

Mp 147-149 °C; R; 0.59 (CHCl;~-MeOH-ACcOH, 7:2:1).

IR (KBr): 3313, 2962, 1711, 1530, 1450, 1247, 1048, 740, 566
cm™.

'H NMR (DMSO-dg): & = 084 [g, J=7.79 Hz, 3 H,
CH(CH,)CH,CHg], 0.99 [t, J=6.97 Hz, 3 H, CH(CH3)CH,CH],
1.10-1.94 [m, 3 H, CH(CH3)CH,CH,], 3.56 (2 d, 3 H, J=10.55,
10.55 Hz, POCH,), 3.66-4.03 (m, 1 H, PCH), 4.15-4.33 (m, 3 H,
CHCH,0), 7.27-7.92 (m, 8 H_om)-

3P NMR (DMSO-dy): = 24.95 (1 P), 24.82 (0.9 P).
MS (FAB): m/z = 404 (M + H)*, 426 (M + Na)*.

Anal. Calcd for C,H,6NOsP-0.75H,0: C, 60.50; H, 6.65; N, 3.36.
Found: C, 60.77; H, 6.58; N, 3.61.
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