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The chemical reactivity of a-aminobenzylphosphonic acid was investigated in order to survey the methods

for incorporating aminophosphonic acids into a peptide chain.

The investigation revealed that i) a dipeptide

analog linked with a phosphonamide bond could be produced by the reaction of C-protected amino acid with the
N-protected aminophosphonomonochloridate, and that ii) amino groups of the aminophosphonic acid possessed
a reactivity similar to those of amino acids, and were capable of coupling with N-protected amino acids by means

of dicyclohexylcarbodiimide.

Since the recent discovery of f-aminoethylphosphonic
acid from sea animals, such as rumen protozoa and
anthopleura elegantissima,»? the aminophosphonic
acids have attracted considerable biological interest
not only because of their structural similarity to amino
acids, but also because of their excellent metal-chelating
properties, especially for calcium and ferric ions.®

This paper is concerned with the reactivity of amino-
phosphonic acids, and «-aminobenzylphosphonic acid
was employed as a model compound to search the
route for the preparation of phosphorus analogs of
enzymes or peptides, which are chemically modified by
replacing some amino acids with their phosphonic acid
analogs or by inserting aminophosphonic acids into a
peptide chain, as is shown below (I). «~Aminobenzyl-
phosphonic acid can be obtained in a sizable quantity
from a simple reaction of benzaldehyde, diethyl
phosphite, and ammonia.?
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Results and Discussion

As in peptide synthesis, the reactivity of aminophos-
phonic acids for the following four steps must be
studied in order to construct peptides with amino-
phosphonic acids; i) the protection of the amino and
the phosphonic acid groups, ii) the activation of the
phosphonic acid group, iii) coupling reactions to form
an amide bond or a phosphonamide bond, and iv)
the removal of the protecting groups.

For Step i, when diethyl a-aminobenzylphosphonate
(I1), in which the phosphonic acid function is already
blocked by ethyl groups, was treated with the usual
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masking reagents for the amino group® (e.g. thio-
phenoxycarbonyl chloride, benzyloxycarbonyl chloride,
and phthalic anhydride), the corresponding N-protected
derivatives (ITIa—c) were produced in 799%,, 989,
and 519, yields respectively. These results and a
coupling reaction with a free carboxyl group, which
will be described later, indicate that amino groups
of aminophosphonic acids have reactivity similar to
those of amino acids.

The removal of ethyl groups was then attempted
from phosphonic acid groups of these compounds.
Thus, IIla, upon treatment with HCl-acetic acid,
produced IVa, whereas upon alkaline hydrolysis II1a
only underwent decomposition.

HCI-AcOH (u)
IIfa —— CH;SCONHCHP(OH), IVa
4 ]
NaOH-EtOH ? ,OH
I11b ———— CH;CH,OCONHCHP IVb
4 L, .. “OEt
Cet;
n ,OH oH-
CgH;CH,0COCl1 + NH,CHP —— IVb
] “OEt

CeH,

On the other hand, when IIIb was treated with an
ethanolic sodium hydroxide solution, the half ester
(IVb) was generated; this half ester could also be
synthesized through the reaction of ethyl hydrogen
a-aminobenzylphosphonate  with  benzyloxycarbonyl
chloride.

These

N-protected aminobenzylphosphonic acid
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derivatives, however, did not condense to form any
phosphonamide with ethyl glycinate by means of
dicyclohexylcarbodiimide (DCC).

DCC
IVa or IVb + NH,CH,CO,C,H; —— No reaction

Therefore, another route was estimated—the activation
of the phosphonic acid group of IT (Step ii) through its
conversion to its phosphonochloridate. This transfor-
mation was easily accomplished by the reaction of
IIIc with a slight excess of phosphorus pentachloride,
thus producing ethyl phthalimidobenzylphosphono-
chloridate (V). The process is quite similar to that
used for chlorination of phthalylamino acids with the
same reagent.®

PCl;
HIc ——— |
a4

1] 675

When the chloride (V) was subsequently allowed to
react with ethyl glycinate, the dipeptide (VI) was
formed in a 709, yield (Step iii), showing the extension
of peptides from phosphinyl to amino groups.
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The remaining step necessary for the introduction
of aminophosphonic acids into a peptide chain is to
place an amino acid to the left of the aminophosphonic
acid. This process was examined by the reaction of
IT with N-protected amino acids, using DCC. The
successful formation of the dipeptide analogs (VIIa—b)
in 74—959%, yields ensures that a peptide linkage can

(0]
11}
AN DCC
1+ { | NCHCOH —
\/ y
(0]
(0]
1] O
VAVAN n
Y NCH,CONHCHP(OEY),
|
N CH,
(@] Vlila
DCC
II + CH,CH,OCONHCH,CO,H ——
(0]
Il
C,H,CH,0CONHCH,CONHCHP (OE¢),
1
G.H,

VIIb

6) C. Sheechan and S. Frank, J. Amer. Chem. Soc., 71, 1856
(1949).

Peptides Containing Aminophosphonic Acids. I

2529

be obtained by procedures similar to those employed
in the usual peptide synthesis.®?

Using the experimental results above obtained, we
have studied the synthesis of tripeptides with amino-
methylphosphonic acid in the center. These results
and the attempted removal of the protecting groups
(Step iv) will be discussed in a subsequent paper.

Experimental

The melting points (mp) are uncorrected. The infrared
spectra were measured by means of a Jasco, Model IR-G
spectrometer. The nuclear magnetic resonance spectra (NMR)
were recorded with a Hitachi-Perkin-Elmer appratus, Model
R-20.

Preparation of Diethyl a-Aminobenzylphosphonate (II). The
hydrochloride of II was synthesized according to the pro-
cedure of Chalmers and Kosolapoff¥ using benzaldehyde
(25.4 g, 0.24 mol), diethyl phosphite (33.0 g, 0.24 mol), and
ammonia (excess); mp 158—159°C, 26.4 g, 409, (lit,9 159—
160°C, 319%,).

To the hydrochloride of II (10.0 g, 0.036 mol) suspended
in ether (70 m/) was added 4N~ sodium hydroxide, keeping
the temperature of the mixture below 3°C with an ice-water
bath. Enough anhydrous potassium carbonate was then
added to the mixture until the water layer disappeared.
The ether layer gave a clear liquid of II (6.13 g, 709%)
after the evaporation of the solvent. The decomposition
of II took place during vacuum distillation. IR (neat),
3350 (w), 3275 (w), 3030 (w), 2980 (m), 1600 (w), 1490
(w), 1235 (s), 1030 (s), 960 (s), 690 (m) cm-1; NMR (CDCI,),
2.7 (complex m, 5, phenyl), 5.89 (d, 1, CH), 4.20
(complex m, 4, CH,), 8.85 (qua, 6, CH,;). The ester was
found pure from thin-layer and gas chromatographies.

Protection of Amino Group of II. A) With Thiophenoxy-
carbonyl  Chloride: Thiophenoxycarbonyl chloride (3.50 g,
20.4 mmol) was added to a solution of IT (9.50 g, 39.0 mmol)
in THF (70 m/). After the mixture had been stirred at room
temperature overnight, the resulting white crystals of the
hydrochloride of II were filtered out, and the solvent was
removed from the filtrate. The addition of petroleum ether
to the residue produced diethyl N-thiophenoxycarbonyl-o-
aminobenzylphosphonate (IVa) as white needle crystals;
6.0g, 80%; mp 136—137°C (THF-petroleum ether); IR
(KBr), 3350 (m), 3150 (m), 2950 (m), 1670 (s), 1540 (s),
1240 (s), 1020 (s), 970 (m), 700 (m) cm-!; NMR (CDCl,),
7 1.9 (broad d, NH), 2.5 (complex m, 5, phenyl), 4.67 (qua,
1, CHGH;), 5.76 (qui, 2, CH,CH,), 6.13 (complex six, 2,
CH,CH,), 8.64 and 891 (t, 3, CH,CH,).

Found: C, 56.95; H, 5.90; N, 3.849%,.
NO,PS: C, 56.98; H, 5.85; N, 3.699%,.

B) With Benzyloxycarbonyl Chloride: To amine (II) (7.00 g,
28.8 mmol) dissolved in tetrahydrofuran (THF) (100 ml) was
added benzyloxycarbonyl chloride (2.50 g, 14.7 mmol) at
room temperature with stirring vigorously. Soon after the
addition, the hydrochloride of II precipitated as white crys-
tals. After stirring at room temperature overnight, the
reaction mixture was filtered to remove the hydrochloride
of IT (3.80g). The filtrate was then concentrated to give
a yellow residue which was crystallized from ether to give
needle crystals of IVb; 5.30 g, 98%,; mp 108—109°C (from
ether); IR (KBr); 3200 (m), 3050 (m), 1705 (s), 1550 (s),
1260 (s), 1020 (s), 970 (s), 690 (m) cm~!'; NMR (CDCI,)

Calcd for C,H,,-

7) G. T. Young, “Peptides, Preceedings of the 5th European
Symposium (1962)”, Pergamon Press, Oxford, p. 1063.
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72.62 (complex m, 5, phenyl), 3.80 (broad, 1, NH), 4.80
(qua, 1, CHG¢Hj;), 4.85 (s, 2, CH,CgH;), 5.6—6.5 (complex
m, 4, CH,CHj;), 8.75 and 8.94 (two t, 6, CH,CHj,).

Found: C, 60.44; H, 6.56; N, 3.93%,. Calcd for C,,H,,-
NO;P: G, 60.47; H, 6.41; N, 3.70%,.

C) With Phthalic Anhydride: A mixture of II (6.51g,
26.6 mmol) and phthalic anhydride (3.94 g, 26.6 mmol) was
heated at 170—180°C for 2 hr. The resulting viscous
liquid was dissolved in chloroform (7 m!) and chromato-
graphed on alumina. Diethyl phthalimidobenzylphosphonate
(ITIc) was eluted with ethyl acetate; 5.0 g, 519 ; mp 101—
103°C (ether); IR (KBr), 2990 (w), 1770 (w), 1710 (s),
1380 (s), 1255 (s), 1050 (s), 730 (m) cm-'; NMR (CDCl,),
7 2.20 (complex m, 5, phenyl), 2.65 (complex m, 4, phthalyl),
6.20 (d, 1, CH), 5.75 (six, 4, two CH,), 8.75 (t, 6, CHj,).

Found: C, 61.30; H, 5.41; N, 3.75%. Calcd for C,sH,,-
NO,P: C, 61.12; H, 5.40; N, 3.75%.

Hydrolysis of Illa. A mixture of IIla (1.65g, 4.20
mmol), concentrated hydrochloric acid (3 m!), and acetic
acid (3.5 ml) was refluxed for 30 min. The reaction mixture
was then diluted with water (8 m/) and the solution was
stored in an ice-box. The resulting crystals (IVa) were
separated, washed with water and dried; 150 g, 75%; mp
142—143°C (CHCl; -acetone); IR (KBr), 3350 (w), 1650 (s),
1620 (m), 1520 (m), 1200 (s), 1050 (m), 950 (m), 750
(w) cm~*; NMR (DMSO-dg), 7 0.9 (broad, 1, POH), 2.60
(complex m, 10, two phenyl), 3.30 (broad, 1, NH), 4.90
(qua, 1, CHCH;).

Found: C, 50.93; H, 4.85; N, 4.25%,. Calcd for C,H,,-
NO,PS.0.5H,0: G, 50.61; H, 4.55; N, 4.21%,.

Hydrolysis of 111b. Compound IIIb (1.0 g, 2.65 mmol)
was dissolved in a mixture of 0.4N sodium hydroxide (10 m!)
and ethanol (10 m!), after which the solution was heated at
80°C for one hour. The solvent was then evaporated under
reduced pressure, giving a white paste-like residue, which
was dissolved in 20 m! of water, and pH of the solution was
adjusted to about 3 by the addition of concentrated hydro-
chloric acid. The white solid (IVb) obtained was separated
and recrystallized from petroleum ether—chloroform, 0.59 g,
64%, mp 182—183°C; IR (KBr), 3250 (w), 1710 (s), 1540
(s), 1250 (s), 1040 (m), 700 (m) cm-'; NMR (CDCl,), 7 2.5
(complex m, 10, two phenyl), 7.40 (broad s, 1, NH), 6.80
(qua: 1’ CH_)’ 5.15 (S, 2’ CH2CGH5)3 5.95 (quas 2, CHZ)’
8.75 (t, 3, CH,).

Found: C, 57.24; H, 5.81; N, 4.47%,. Calcd for C;H,,-
NO,P.0.5H,O: C, 56.98; H, 5.90; N, 3.919,.

Reaction of Ethyl Hydrogen o--Aminobenzylphosphonate with Ben-
zyloxycarbonyl Chloride. To the ester (1.58 g, 0.075 mol)
suspended in water (30 m/) was mixed with benzyloxycar-
bonyl chloride (1.5 g, 0.088 mol) at room temperature. 4N
Sodium hydroxide (5 m/) was then added to the mixture
and a solution was stirred for 10 min. After the unreacted
chloride had been removed by extraction with ether, the pH
of the aqueous solution was adjusted to 5 by the addition of
concentrated hydrochloric acid, the solution was then
concentrated as much as possible under reduced pressure. The
extraction of the residue with chloroform and the evaporation
of the solvent from the organic layer gave a clear substance
which upon mixing with petroleum ether afforded IVb as
white crystals; 0.8 g, 31%; mp 183—184°C (acetone). The
IR and NMR spectra were identical with those of an
authentic sample produced from the hydrolysis of I1Ib.

Attempted Coupling of IVa or IVh with Ethyl Glycinate.

A mixture of IVa (0.64g, 1.9 mmol) or IVb (0.40g, 0.11
mmol), an equivalent amount of ethyl glycinate, and DCC
(2 equivalents) in DMF (10 m/) was stored at room tem-
perature for a week. No precipitate of dicyclohexylurea
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appeared, showing that the coupling reaction did not take
place in this system.

O-Ethyl  Phthalimidobenzylphosphonochloridate (V). A
mixture of IIIc (2.70 g, 7.25 mmol), phosphorus pentachlo-
ride (1.52 g, 7.30 mmol) and benzene (5 ml/) was heated for
6.5 hr. The light-boiling substances were then removed
under reduced pressure. The residue® was mixed with
petroleum ether—ether (1:1) and cooled in a methanol-dry
ice bath to give a white solid (V); 2.1g, 80%; mp up to
85°C; IR (0.1 mm CHCI, liquid cell), 3030 (w), 1770 (m),
1725 (s), 1470 (m), 1370 (s), 1275 (s), 1030 (s), 970 (s), 545
(m) cm-!; NMR (CDCl;) 72.2 (complex m, 5, phenyl),
2.6 (complex m, 4, phthalyl), 4.05 (qua, 1, CH), 5.70 (m,
2, CH,), 8.70 (qua, 3, CH,). The elemental analysis of V
was replaced with that of O-ethyl hydrogen phthalimido-
benzylphosphonate, which had been obtained from the
reaction of V with an excess of water in an 809, yield; mp
181—183°C; IR (KBr), 2980 (w), 1760 (w), 1710 (s), 1375
(s), 1200 (s), 1020 (s), 720 (m)cm-': NMR (CDCL), 7
1.8—3.0 (complex m, 9, phthalyl and phenyl), 4.20 (d, 1,
CH), 5.87 (qua, 2, CH,), 8.80 (qua, 3, CH,).

Found: C, 59.42; H, 4.68; N, 3.81%. Calcd for C;;H,,-
NOyP: G, 59.13; H, 4.67; N, 4.05%,.

Preparation of VI. Compound (ITlc) (2.22 g, 5.95 mmol)
was allowed to react with phosphorus pentachloride (1.23 g,
5.90 mmol) in benzene (10 m!) to give the chloride as an oily
substance, it was dissolved in THF (10 m/) and added to a
chloroform (30 m!) solution of ethyl glycinate hydrochloride
(0.9 g, 6.5 mmol) containing triethylamine (5.0 g, 50 mmol)
at room temperature. The solution was then stirred overnight
and washed with water. The chloroform layer was dried over
Drierite and concentrated to about 5ml. Column chro-
matography on silicic acid was then carried out on the solu-
tion. Elution with ether afforded VI (1.8g, 70%) as a
clear oil. The distillation of the product failed because of
decomposition, its IR and NMR spectra were however,
consistent with the assigned structure; IR (neat), 3350 (w),
3050 (w), 2980 (m), 1765 (w), 1710 (s), 1620 (w), 1495 (w),
1375 (s), 1250 (s), 1030 (s), 750 (m), 710 (s) cm-1; NMR
(CDCly) 72.2 (complex m, 5, phenyl), 2.65 (complex m, 4,
phthalyl), 4.20 (qua, 1, CH), 5.5—6.3 (complex m, 7, POCH,,
NHCH,CO,CH,), 8.78 and 8.85 (two t, 6, CH,).

Preparation of Vlila. A mixture of phthalyl-glycine
(0.95 g, 0.467 mmol), IT (1.13 g, 0.467 mmol), DCC (1.50 g,
0.73 mmol), and THF (15 ml) was stirred overnight at room
temperature. Acetic acid (1 m/) and water (2 m/) were then
added to the reaction mixture, and stirring was continued
for 2hr. The resulting dicyclohexylurea was filtered out,
and the solvent was removed from the filtrate by means of
a rotary evaporator at a water-bath temperature below
50°C. Chloroform (30 m/) was added to the residue, and
the solution was washed with 10%, sodium bicarbonate and
water. The organic solution was concentrated to about
2.5ml, giving a viscous oil which was subsequently crys-
tallized from benzene to generate clear crystals; 1.90 g,
95%; mp 195—196°C; IR 3250 (m), 3030 (w), 2980 (m),
1730 (s), 1555 (m), 1420 (m), 1230 (s), 1030 (s), 720 (m)
cm-1; NMR (CDCl,;) 70.80 (d, 1, NH), 1.9—2.7 (complex
m, 9, phenyl and phthalyl), 4.33 (qua, 1, CHCH;), 5.50
(s, 2, CH,CO), 5.60—6.60 (complex m, 4, CH,CH,), 8.55
and 8.92 (two, t, 6, CH,).

Found: C, 58.82; H, 5.40; N, 6.309%,. CQCalcd for C,,H,;-

8) The successive reactions were carried out using the oily
residue directly, since which was almost pure according to the
NMR spectrum but showed considerable difficulty in crystalli-
zation.
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N,O¢P: C, 58.60; H, 5.38; N, 6.519%,.

Preparation of VIIb. A procedure similar to that used
for the preparation of VIIa was carried out for a mixture
of N-benzyloxycarbonylglycine (1.50 g, 7.18 mmol), II (1.75 g,
7.18 mmol), DCC (3.19 mmol), and THF (15 ml) to form
VIIb as white crystals; 2.30 g, 74% ; mp 88—89°C (ether);
IR (KBr), 3250 (m), 3050 (w), 1720 (s), 1680 (s), 1550 (s),
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1220 (s), 1160 (m), 1020 (s), 700 (m) cm-!. NMR (CDCl,)
7 1.45 (broad d, 1, NH), 2.7 (complex m, 10, two, phenyl),
4.20 (broad t, 1, CONHCH,), 4.42 (qua, 1, PCHC:Hj;),
4.92 (s, 2, CH,C¢H;), 5.85 (qui, 2, CH,CH,), 6.10 (qui,
2, CH,CH,), 8.72 and 8.96 (two t, 6, CHj).

Found: C, 58.28; H, 6.48; N, 6.45%. Calcd for C,;H,;-
N,O¢P: C, 58.19; H, 6.78; N, 6.469,.






