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29, Curtius reaction & ©] §-5}¢] pentanoic acid & ¥-8 DL-1-aminobutylphosphonic acid & ¥
&g 2, pyruvic acid 23] DL-2-amino-2-carboxyethylphosphonic acid & #4315}, )4
23wt gl ol ¥4 Neacyl #23 &8 Schotten Bauman ¥ 5-2.2 #4sad. = 3¢gEe
et 3 ek

N-acetyl-DL-1-aminobutylphosphonic acid
N-benzoyl-DL-1-aminobutylphosphonic acid
N-benzoyl-DL-2-amino-2-carboxyethylphosphonic acid
N-p-chlorobenzoyl-DL-2-amino-2-carboxyethylphosphonic acid.

o] #EAES Y2E4, 1R spectra, ninhydrin test X F3FFoz Iteldglc},

Abstract. DL-1-aminobutylphosphonic acid was synthesized from the pentanoic acid which was
prepared from the butyl alcohol, by the modified Curtius reaction. DL-2-amino-2-carboxyethylph-
osphonic acid was also synthesized from the pyruvic acid.

Four previously unreported N-acylated derivatives were prepared according to the modified
Schotten-Baumann method, They are as follows;

N-acetyl-DL-1-amincbutylphosphonic acid
N-benzoyl-DL-1.aminobutylphosphonic acid
N-benzoyl-DL-2.amino-2-carboxyethylphosphonic acid
N.p-chlorobenzoyl-DL-2-amino-2-carboxyethylphosphonic acid

The products were identified by the methods of elemental analysis, infrared spectra, ninhydrin
testzand nentralization equivalent,

X phonic acid 7} @7 = F1-23, o] phosphonic
LAE acid o] A% 75al A% AT A% @
AEA 249 $%E4A amino alkyl phos- ¥z 97k E¥ amino phosphonic acid A2
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HYEEo g Hetde] T4 Uy EA A
AE B A7 aEAch, 2 g4 Wl
£ & Chambers 2+ Ishell®e] phosphono acetic
ester & hydrazine € 3424 A Curtius deg-
radation & 3 @ 7}x ) 2§ amino phos-
phonic acid & 4R+ ¥, ol 2 o] B4
HEd vy W B F€9 A2E 2w o
e}, ol %A= phosphonic acid H& EF
Hagtas 2be 3FERA Gd W amino
acid & = Fx24 9 40| W fAsE A=
2 ¢HA
AR A ARAEL Ishell o] BT YHERE
wle} 5FF2 aminoalkylphosphonic acid & =
N-acyl # =458 $4AS& L2slch

2R AE & P4 HE g3 pentancic
acid 28-E 1-aminobutylphosphenic acid & o
o om, pyruvic acid 225 2-amino-3-phospho-
nopropionic acid 5 AR}, = of7 3
o Rzg ulgle §F phosphonic acid & N-acyl
FEAES gt 749 B33 428
AEsA}, o] AFEETLS FEH 4 )44
AEo)ls £3] 2-amino-3-phosphono propionic
acid & AAWA & wAY HFE%]7] A
ol ©] &9 #% 24l AFAY Fele #F
AFtE oz ALE Aoft

2 ¢ #

2.1. B4717|

PH &7 : Beckman Zeromatic II pH meter, T
A &% : Shimadzu Abbe Refractometer, B &
27 : Shimadzu LEXFFH, $3354 : Shi
madzu Melting Point Apparatus, I-R spectra;
Hitachi I-R Spectrophotometer EPI.G2 %,

2.2 & o

Pyruvic acid = Matheson Coleman and Bell
9] extra pure A F& AAFA &z AL
o}, valeric acid® butyl alcohol & HBr 2
bromination 3+ ¥ NaCN 2 2 AH&dxz NaOH
S8 o 7 ZlpRaf st AU,

Ethyl-a-bromovalerate. valeric acid 204 g
{2 mole} € 45 °C 7}A] 7}+€ ¥ F thionyl chloride
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153cc (2.1 mole) & 2 A7 B¢t HA 3 A7
Ak, 42 EAY EE 65~70°C 2 FA4 A7
4 bromine 115mi(2.2mole) & 247+ E<t
o Asletsiel, 656~70°C 2 W25 5 A4
Fld A 12 A 2+-5 gk w9k o <= ethanol 200
ml g 2A 7l BA Fatgch, Loz Y
A7l 2 NaHCO; & %8, #4 NaHSO; ¢ 2%
g 3 gtstel BEEFFHEcH{FSE 80%),

b.p 92°C/18 mmHg (F-# 11,
mmHg) 7% 1.4416

92~4°C/18

Triethyl-a-phosphonovalerate, B. Ackerman
So] w g w2 23] ethyl-a-hromovalerate
209 g (1 mole) 3} triethylphosphite 332 g (2 mole)
o} yghgde 165~170°C ol Al 4 A 7+5-<k =it
Bk qrS-A 3o (5§ 93%).

b.p 129°C/2mmHg. {(£9 12, 141°C/4
mmHg) 7% 1.4575

DL-1-aminobutylphosphonic acid Chambers
s} Isbell & waieg A-gshed FAA . hyd-
razine 34 g 3} triethyl-a-phosphonovalerate 133 g
& 24 AEG AHE mEkAFEA A7
% s}ak9] hydrazine } B4 ethyl alcohol &
Zdstol FF AANAD. FRAZ 9 A=
=g Ll & 50m! S} ether 300 mi & 743t
N4 Azich 25 % A4 52mi 9} 35 % NaNO+
£ 75ml & AEstgct, o #e WI2ES
~3~—=5°C & A A2} etherd R F
< alcobol 150 m! & 73] Aol A 40 A 253t
w8 F ether 9} alcohol & F2A A, 25%
A4 400ml § 715) steam bath ZolA 48 A3k
< BFAZ, Adsid AFe] 4e F
A5 A At e}, propylene oxide & 718 & =
H}A Aol vebdth  ethanol-water 9 o 2
A7 A3t  DL-l-amino-butylphosphonic acid
16g< 4ok (5% 32 %)

o] 2382 ether, alcohol, acetone ol &3] =]
A ¢¢ko ninhydrin testo] %42 veEbRieh
$74-& 269°C o), KBr pellete] o] o3
1-R spectra!®4 2] absorption band 3 4 &

47 g3t 2o
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C.H,,NO,P AR No1s P 20.23
A¥A N 920 P 20.01
337 Al4E 154
A4¥ 153
Absorption band. {cm™) Assignment
1515 -N—H
1460 CH—P
1219 P—0
1010 P—OH
1110 C—N

N-acetyl-a-aminoacrylic acid. Wieland® o
2| g whdol wlebA acetamide 11.8 g (0. 2 mole)
=} pyruvic acid 63 g < trichloroethylene 150 m/
o BA 10 A7H5<E 72 AR YAAF L
oW YL YAE o3 pegod zdg
50mi ¢ 10 % NaHCO; 88 o 8 F23)d o3t
g AAS gt o] FFAE AgFFEo]
u}2k9] trichloroethylene 8 A A gk & congo red
7t F2 Aol A7 die g AAHAA,
AAE 2AE WaAdes AAAANL FA4E
< 7.7 (F5& 50 %)olAdch o] FH{EY &
AL 198°C(FAS 196~198°C)e)d e IR
spectrum 3} Falgako 2 qldly )

Z332 AAx 129
AFEA 130

Trimethylphosphite methanol 135 m{ 2} di-
methylaniline 450 m/, ether 530 m{ & ice bath
Aol A =ytEtgiAl PCly (L mole) & 3 A7t F<h
off A&tstgdct, whE%F A% amino hydroc-
hloride ] FAFE A3 A A%z 243l
ether & SHE2 3Gt AEF5F FA o g4
7 TAAEL 80g{rS& 65 %)
o] e vA % FRAEL oy eod
ol FAWIS QX3

b.p 34 °C/16 mmHg
%p?® 1.4095
DL-2-amino-2-carboxyethylphoesphonic acid.

N-acetyl-a-aminoacrylic acid 12,9 g (0. 10 mole)
% trimethyl-phosphite 24. 8 g {0. 20 mole) =} ¥

steam bath Aol 4 20 £F<t 712 A7 £ dime-
thylphosphite 14mi-§& AJA13] =3}t el

steam bath Aol A 3 A ZHE<t 1A F 4
LA A 36 A7EE BAEAT, AFFFFA
£ AH83t9 1mmHg 9] 7¢tstel 150°C 9 oil
bath 3¢l 4 ZHs = &£ AAE o+ 59
A 130 ml F B shake] 48 A ZHESE steam
bath Aol A FFAzct SAF AL B4
2 4% el n A9 & Fdde] FE A=
AR Az" ZAE 200mi 9 Eof) L33l
242} A FMg A, FAe AL 20
m! 74X F5A1A ethanol 100 m & 7}t <,

AgNO; 5896 Cl- o] 2422 vebd s717
butylene oxide & A3 slalsich, o)« AA
32 AHEL 100m! 8] Fol £3) 44 Do-
wex' 50 W—X4resin column (7 2,7 cm, 9]
10cm) ¢ FFHAN 2 T8 o] FAHe] @
W 7Ax] FFRTz AAEAct d4L 20mi 717
F%47 I ethanol 150 mI & 713k QA5 F
AR ZL 9.5g00AHF5E 56 %), o B3E
€ ninhydrin test o] %4 .& Velgion $HL
228°C (¥ 8, 228°C)elAct. NaOH £ {0.

0970 N) 22 HAF AAx HAFAL Fig. 1
s 2o,
C;H.NO,P AH) 43 N 8.28 P 18.32
493 N837 P1840
3 A4X]  56.3
AYA 56,7
Absorption band {cm™!) Assignment
1730 C=0(—CO.H)
2640 O—H (—CO;H)
1450 CH-P
1230 P—0

1210 C—N

N-acetyl-1-aminobutyiphosphonic acid. DL-
1.amincbutylphosphonic acid 4. 6 g (0. 03 mole) 2
46ml o] 2 7td EHAL X Feuzi o
g{0.09 mole) & 71}t 124°Cel A 10ATF
& HFAReH 24 FP) FeEYzIE
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Sample 01485 g

| 7
NalH mt

Fig. 1. Titration curve for DL.2.amine-2-carboxy-
ethyiphosphonic acid

FUAAA AL, o] A AdE FAY ZAEF
2402 AAZAN 4 44A 3g(FFEF 51%)
2 A3, o] HEEFL ninhydrin test o -S4
o) §A2193°C eIt NaOH (0. 0970 N)
o &% JAFAL Fig. 23} 2k

C.H,,NOP Al AF3] N 7.18 P 15.87
A¥x N 710 P 1560
Zatet A3 915
"”1":154 97.5
Absorption Band {¢m~ ‘} Assignment
1730 | >C=0
1460 | CH—P
1210 | P—0
1000 | pP—OH
3220 N—H {Str. }
1560 i N-—H (beading)
(
0
pH
5 .
l’_ Somple 0.2139g
Ioa . L . I
10 20
NaDH m

Fig. 2. Titration curve for N.acetyl-I-amino-butyl-
phosphonic acid.

N-Benzoyl-DL-1-aminebutylphosphonic acid.

DL-1-aminobutylphosphonic acid 4.6 g & & 46
m] o] &8 A7) i ice bathelA] —5~(0°C 2 %
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A e, A=EskA mulsti A benzoylehloride
11ml & 247k Tl Ak, ol nlgad g
pHE 9~10A =7 FA 555 2 N-NaQOH £
< AF4 Jhetget, dhgo] B F A% d4
S g3 pH & 2~3 22 2A A kg
F 85 benzoic acid & ether 200 ml 2 2%
3te] Mgl 23 3, A2 d& Wy

g Ao 25~30ml ¢ F4 ethanol & 713 %
A=A e 2L AANE S G B &

33t Dowex resin column (R7 2.7 cm, 9]
10em} & 53AA n|zFe Natg A AE
Zrehetel] S Azsle] gL WNAAL w3
Aoz ARAAQFAY. FolF WAALY ¢

P

5.7g{FE& 73 %) o]0, ninhvdrin test ol &
AL vebdioh, §3 2 192°Co] = NaOH £
0.0970 M) 22 AAH3 4P FA-E& Fig. 33 7
t},
C,,H,,NO,P A AR N 5.45 P 12.04
AEA N 535 P 11.98
FEgEr Al A 128.5
AgA 1285
Absorption Band (cm™'} ! Assignment
1470 J >CH—P
3270 ' N—H (stretching)
1520 J N—H (bending)
1218 P—0
1622 ‘l ~C=0
| —

Sample 01273 g

5 710 715
NaOH mlL

Fig. 3. Titration curve for N-benzoyl-DL-l-amino-
butylphosphonic acid.

N-Benzoyl-DL-2-amino-2-carboxyethylphesp-
honic acid. ©] 3¢-E9 AL N-benzoyl
DL-1-aminobutylphosphonic acid ¢} g & =}k
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JlA) W oz KOH 2N NaOH 84 & 2143
o Wgde @r)Ae2 $AA¥HA DL-2-
amino-2-carboxyethylphosphonic acid £} benzoyl
chloride & 24171 A2} W &A5} ether o] =}
ARHe AL dY9HESE 8%). o ¥H
AR L ninhydrin teste] Aoz FHL
175°C o] 9l oh, NaOH(0.0970 N) 2 A3 % A
TAL Fig. 48 Zch

C,oH . NOGP A AL N 6.12 P 1.4
A4¥4 N514 P 11.29
i
10-
pH ,
5 Sample 00298 g
| L

Wb

NaQH mi

Fig. 4, Titration curve for N-benzoyl-DL-2-amino-2-
carboxyethylphosphonic acid

Fadzd A4 a9

A9x %N

N-p-chlorobenzoyl-2-amino-2-carboxyethylp-
hosphonic acid N-benzoyl-1-aminobutylphosp-
honic acid & §4+ FLF B¢ 2 2DL-2-ami-
no-2-carboxyethylphosphonic acid 3.4g-& p-
chlorobenzoyl chloride 11 g 5 w415}t Wx
Aoz AARAS A AAF WAAH 0.6g9 F
AR EE A3t o] B3}EY AL 237°C o]
o I-R spectrum &} absorption band &+ <t}
2,

CioH CINOP: A 4E4]
AgA

N 4.55 P 10.07 Cl 11.20
N 460 P 10.02 Cl11.20

Absorption band (em™?) Agsignment
1680 >C==0 (amide)
1482 CH—P
1174 P—0O
1010 p—OH
1599 N—H (amide)

3 i W ng

DL.1-aminobutylphosphonic  acid ¢ DL-2-
amino-2-carboxyethylphosphonic acid & & ¢
A (269°C 9 228°C) & Y“eEl ol F ph
osphonic acid 7} free amino acid A & inner salt

€ o F7] w-Eoled.

: ;
R _Ci«H— E|’ —QOHe—R —(|3H-— lif’ —OH
NH; COH NH; O

o] 3}BEE N—acyl F =4 & 44 N-
acetyl-1-aminobutylphosphonic acid = anhydri-
dedel wet FA243 HgAA gA 4=
2ok, N-benzoyl-1-aminobutylphosphonic acid
& Schotten Baumann ¥e) o] &) A3Hch, =
2] 1} 2.amino-2-carboxyethyl phosphonic acid &
28] 2410 v} acetylchloride 9} 8F-8-3FA gkgke}
N-benzoyl-2-amino-2-carboxyethyl phosphonic a-
cid 4ol ol A4 NaOH £8-g &3t 97
A HAFEA AR E A AR EZAR
A4d dke KOH £d4& AE3E FA%e
acetic acid-etherol AZMEH & P4 ZHAF A
& & 99t ol: NaOH 9} KOH 9 o]
71840 A SHE ol Aoz A7
benzoy!l chloride Al ulg-4 o] 7%k p-chlorobe-
nzoyl chloride & A}-£3F¢] Schotten Baumann
dog @A A5 AN AAFEL 494 4Le
+ 99, o8 Nacyl #5245 2+ nin-
hydrin testell SAois Arg#d vpsg} 2o} I-R
spectra Aol A amide 7]¢) 3 & F vebiiel,
4738 =4} free phosphonic acid v} {4 F2
Roz vehde dl, °|& amide 7] Ao o}
2 zwitter ion HF o] ¢1FF Ro g AztEIsd
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