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Synthesis of phosphinic and phosphonic analogs of aromatic amino acids 
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The reaction of aryl and aralkyl aldoximes with hypophosphorous acid resulted in 
aminophosphinic acids, which were oxidized into the corresponding aminophosphonic 
acids. 

Ke7 words: amino acids, phosphorus analogs of amino acids; c~-aminoaralkylphosphinic 
acids, oxidation: a-aminoaralkylphosphonic acids. 

Phosphonic analogs of  aromatic amino acids (1, R '  
is aryl or aralkyl) and their N-awl  derivatives, including 
peptides, as well as the corresponding esters are some of 
the most studied compounds  among phosphorus analogs 
o f  amino acids. A considerable number of  works and 
reviews are devoted to their synthesis and propert ies. t-4 
Being structural analogs of amino acids, s - a m i n o -  
phosphonic acids compete  with them for active enzyme 
centers and receptors. As inhibitors of various metabolic 
transformations of  amino acids, c~-aminophosphonic 
acids exhibit ant ibacter ial  and antitumor activity, are 
neuroactive, and have herbicide properties (see Refs. 1, 
5, and 6). 

Phosphinic analogs of  aromatic amino acids (2, R is 
aryl or aralkyl) have not been adequately studied. One 
known procedure o f  thei r  synthesis is based on addition 
of  hypophosphorous acid  to N-substituted Schiff 's  bases 
obtained from a ldehydes  with subsequent elimination of 
the protection. However ,  the yields of phosphinic ana- 
logs of Phe, Tyr, and Trp,  synthesized by this procedure, 
are low (5- -22%).  The replacement of  H3PO 2 by 
bis(tr imethytsi lyloxy)phosphine allowed one to increase 
markedly the yield in the case of phosphinic analog of 
Phe. 8 This reagent was used to synthesize the same Phe 
analog from N-(tr i tyl)benzylideneimine.  9 

Some ary'l-substituted phosphinic analogs of  phenyl- 
glycine were ob ta ined  by amidoalkylation of  hypo- 
phosphorous acid with N,N'-arylidenebis(acetamides) 
followed by hydrolysis in 40--70% yields. But this method 
is not convcnient Ibr  phosphinic analogs of  the amino 
acids which differ f rom phenylglycine. Phosphinic ana- 
logs of prote inogenic  aromatic amino acids were ob- 
tained in satisfactory yields by a rather complicated way 
from subst i tu ted  i m i n e  of  ethyl aminomethy l (d i -  
ethoxymet hyle ne)ph osphini te ,  t t 

The first general m e t h o d  for the synthes i s  of  
a-aminoalkylphosphinic ac ids  consisted in interact ion 
of aldoximes with hypophosphorous  acid, teadi ng in one 
stage to phosphinie analogs of  AJa, Val, Met, and  G[u. lz 
Although the reaction of  ox imes  with HjPO 2 remained 
hitherto poorly studied, t h e  l imits of their appl icat ions  
were unclear, and the search  for  the optimal condi t ions  
required additional experiments .  The simplicity and mild 
conditions of  the synthesis de termined the cho ice  of  the 
oxime variant for obtaining phosphinic  analogs of  aro- 
matic amino acids (Scheme I).  

Earlier, lzJ5,16,~ we demons t r a t ed  the possibil i ty of  
preparing o~-aminophosphinic acids by interact ion of 
oximes of  aliphatic a ldehydes  and ketones with H3PO 2. 
The formation o f /W-hydroxy -a - aminophosph in i c  acids 
was not observed, but w a s  observed in the  case of 
acetaldoxime, acetone o x i m e ,  and benzaldoxime. 13.1"t 

However, it is possible that  N~-hydroxy-ct-amino - 
phosphinic acids are in te rmedia tes  in the react ion simi- 
larly to the known cases o f  the  addition of H3PO 2 at the 
C = N  double bonds of i m i n e s  and hydrazones. The 
reduction of  oxime to c t -aminophosphini te  cou ld  pro- 
ceed through formation o f  intermediate ester o f  H3PO 2 
possessing an /~-hydroxy g roup ,  similar!y to the  trans- 
formation ofoximes into i mines with the par t ic ipat ion 
of  dialkylchlorophosphites,  which was described car- 
tier. 17 Another possibility consis t ing in a direct  reduc- 
tion of the N- -O bond u n d e r  the action 01" H3PO 2 seems 
less probable because it r equ i res ,  according to our data, 
more drastic conditions for  other hydroxytamine deriva- 
tives. 

It should be noted that  small amounts of  the  corre- 
sponding a -aminophosphona tes  are always formed in 
this reaction, although the  process is carried out  in the 
atmosphere of an inert g a s  and in the presence of an 
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acetaldehyde, because lhe yields of the corresponding 
aminophosphinic acids did not e x c e e d  several per cent .  
When the reaction was carried out in methanol, the 
yields were several times higher, which is not yet ad-  
equately explained up to now, as is the necessity of  
using a considerable (tenfold) excess o f  H3PO 2 and the  
exclusion of the solvent in the case  o f  benzaldoxime. 

The necessity of  boiling for a long time a solution o f  
acetophenone oxime in alcohol with H3PO z suggests 
that in this case the rate-limiting stage is the addition of  
HjPO 2 at the C=N bond, and n o t  the reduction of  the 
N - - O  bond. 

One of the problems of synthesis  of functionally 
substituted acids 2 consists in the  fact that heating with 
strong acids is used to eliminate pro tec t ive  groups, though 
the instability of N-substituted der ivat ives  2 under these  
conditions has been reported earlier. 19 However, it turned 
out that in our case the hydrolysis of  compounds o f  the 
type 7t was not accompanied by  pronounced product  
decomposition. 

The availability of  ct-aminophosphinic acids makes it 
possible to use their oxidation as a method for the 
synthesis of ct-aminophosphonates, which is also jus t i -  
fied completely for their a romat ic  analogs. Application 
of such oxidants as Br 2 in a c i d  media,  HgCI 2 and 
SO2C12 in glacial AcOH, or 12 in HI  leads, in the case of  
acids 2, to the corresponding ~x-arninophosphonic acids 
(Table 1) in about 80% yields. T h e  most suitable re- 
agents being Br 2 or 12 in acid m e d i a .  

Experimental 

excess of a strong reducing agent such as H3PO 2. At 
present, various explanations o f  the indicated side reac- 
tion are considered in connec t ion  with our study of the 
mechanism of interaction o f  oximes with H3PO 2. 

It was first demonstrated in this work that oximes of 
aromatic and a l iphat ic-aromat ic  aldehydes and ketones 
could be transformed into the corresponding ct-amino- 
phosphinic acids under the act ion of H3PO 2. The yields 
of the target aminophosphinic  acids depend on the 
reaction conditions. Thus, isopropyl alcohol that is usu- 
ally used as a solvent was unsuitable in the case of 
oximes of phenylacetaldehyde and p-methoxyphenyl- 

Thin-layer chromatography was  performed on Merck 
Kieselgel 60F2~ 4 plates in two systems,: PriOH--25% NH4OH-- 
H20, 7 : 2 : I (A) and AcOH--HzO--ace tone- -pr iOH,  
2.0 : 5.0 : 7.5 : 5.5 (B); the development of the substartees 
was carried ot, t by color reactions with ninhydrin and 
ammonium rnolybdate. Ion-exchange chromatography was per- 
formed on a Dowex 50X8 sulfocationite (100--200 mesh) in 
the H + form (BioRad, USA). Melting points were determined 
on an Eleetrothermals instrument (UK); the corresponding 
values (rn.p.) are given uncorrected and with decomposition. 
IH NMR spectra were recorded on  a Varian XL-100-15 in- 
smlrnent with ButOH as the internal standard; the chemical 
shifts are given with respect to SiMe4. Mass spectra were 

Table 1, The characteristics of a-aminoaralkylphosphonic acids synthesized 

Corn- Rr(A) Mp./~ ~H NMR (0.2 NNaOD),,5 
pound 

la 0.23 254 a 

Ib 0.20 205 b 

l[ 0.18 268 

lg 0. I 3 277 

lh 0.09 r 

2.35--3.25 (rn. 3 H, CH~CH); 6.95--7.08 (m, 5 H, H(Ar)) 

1.56 (d, 3 H. CH 3.,/ = 12 Hz); 6.80--7.20 (m. 5 H, H(Ar))  

3.70 (s. 3 H, CH~): 3.63 (d, t H. CHP. J = 15 Hz); 
6.55--7.10 (m, 4 H, H(Ar)) 

2.15--3.05 (m, 3 H, CH,CH); 6.18--6 72 (m. 4 H. H(Ar')) 

3.56 (d, I H, CHP, ,/ = 15 Hz); 6.20--6.84 (m, 4 H, H(Ar) )  

Ref. 21: m.p. 247--249 ~ b Ref. 22: rn.p. 237 ~ c Decomposes without melting at T ~ 230 ~ 
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obtained by the plasma desorption method on a MSBKh 
instalment (Ukraine). 

l-Amiuo-2-phenylethylphosphinic acid (2a). A solution of 
oxime of phenylacetaldehyde (10.0 g, 74 mmol) in 50 mL of 
MeOH was added with stirring in an atmosphere of nitrogen in 
30 rain to a boiling solution of HjPO 2 (9.77 $, 148 retool) in 
25 mL of MeOH and refluxed for an extra 4 h. The reaction 
mixture was concentrated to I/3 of the initial volume, and 
50 mL of PriOH was added. Then triethylamine was added to 
pH 5, arid the mixture was allowed to stand overnight at 
20 ~ The precipitate that  formed was filtered off and washed 
with ethanol. White crystals of  compound 2a (4.2 g, 30.7%) 
were obta ined,  m.p. 224--225 *C (H20- -Pr iOH)  (cf. 
Ref. 7: m.p. 227--228 ~ Rf 0.70 (A), 0.75 (B). tH NMR 
(D;zO), 8:2.65--3.55 (m, 3 H, CH~CH); 7.04 (dd, I H, PH, 
I t = 526 Hz, J2 = 1.5 Hz); 7.33--7.45 (m, 5 H, H(Ar)). 
MS, m/c 184.1 [ M - t l  § 

l-Amino- l-phenylethylphosphinic acid (2b). Acetophenone 
oxime (2.7 g, 20 retool) was added with stirring in an atmo- 
sphere of nitrogen in 30 rain to a boiling solution of H3PO~ 
(2.64 g, 40 retool) in 8 mL of PriOH and refluxed for an extra 
24 h. The reaction mixture was cooled, poured into 15 mL of 
H20, and twice extracted with EtOAc. The aqueous layer was 
concentrated, and the residue was dissolved in 10% priOH. 
The product was isolated by ion-exchange chromatography 
with 1096 PriOH as the eluent.  White crystals of compound 2b 
(1.28 g, 34.6%) were obtained,  m.p. 230 ~ (H20--EtOH),  
Rf 0.65 (A), 0.74 (B). IH N MR  (0.2 N NaOH), ,5:1.85 (d, 
3 H, CH 3, d = 14 Hz);  6.89 (d, 1 H, PH, . / =  524 Hz); 
7.35--7.50 (m, 5 H, H(A,r)). Found (%): C, 52.02; H, 6.64; 
N, 7.78. CgHI;tNO2P. Calculated (96): C, 51.89; H, 6.53; 
N, 7.57. MS, m/~. 184.2 [ M - I I  +. 

l -Amino- 1 - (3,4-dihydroxyphenyl) methylpbosphinic acid 
(2c). A solution of oxime of 3,4-dihydroxybenzaldehyde 
(15.3 g, 100 retool) in 50 mL of priOH was added with 
stirring in an atmosphere of nitrogen in 30 rain to a boiling 
solution of H3PO 2 (13.2 g, 200 mmol) in 50 mL of PriOH 
and refluxed for an extra 4 h. The reaction mixture was 
cooled, and the precipitate that formed was filtered off and 
washed on the filter with ethanol. White crystals of compound 
2e (6.30 g, 31%) were obtained, which decompose without 
melting at T > 230 ~ Rf 0.69 (B). IH NMR (0.5 N DCI), 8: 
4.40 (d, I H, CHP, J = 13 Hz); 6.90--7.30 (m, 4 H, H(Ar))*. 
Found (%): C, 41.11; H. 4.78: N, 6.62. CTHIoNO,tP. Calcu- 
lated (%): C, 41.39; H, 4.96; N, 6.90. MS, rn/~. 203.2 {M]*. 

l-Amino-l-phenylmethylphosphinic acid (2d). Benzaldoxime 
(0.36 g, 3.0 mmol) was added with stirring in an atmosphere 
of nitrogen at 20 ~ in 30 rain to H3PO2 (1.98 g, 30 retool), 
and the reaction mixture was allowed to stand for 72 h. The 
product was isolated by ion-exchange chromatography, and 
white crystals of  c o m p o u n d  2d (0.29 g, 56.5%) were 
obtained, m.p. 207--209 ~ (H~O--EtOH) (c~ Ref. 10: mp.  
242--243 ~ Rf0.67 (A), 0.75 (B). ZH NMR(D~O) ,& 3.90 
(dd, 1 H. CHP, J! = 13 Hz. d~ = I Hz): 6.78 (dd, I H, PH, 
Jt = 5 0 9  Hz, J,_ = 1.5 Hz): 7.2--7.4(m. 5 H, H(Ar)). Found 
(%): C. 49.31 H, 5.63, N, 8.01. CTHIoNO2P. Calculated 
(%): C, 49.13; H. 5.89; N, 8.19 MS, re~z: 171.0 [ M - I ]  + 

I-Amino-2-(p-methoxyphenyl)ethylphosphinic acid (2e), 
Oxime ofp-methoxyphenylacetaldehyde 2~ ( 13.0 g, 78.8 retool) 
was added with stirring in an atmosphere of nitrogen in 
30 min to a boiling soht t ion of H;PO 2 (10.43 g, 158 mmol) in 

* The >P--I-I proton is exchanged for deuterium and does not 
appear in the spectrum. 

300 mL of MeOH and refluxed for extra 15 h. The reaction 
mixture was concentrated to I /5 or  the initial volume, and the 
residue was dissolved in H20. The product was isolated by ion- 
exchange chromatography with H :O  as the first e luent  and 1% 
NH4OH as the second. The fractions containing acid 2e were 
concentrated, and white crystals  of compound 2e (4.38 g, 
25.9%) were obtained, m.p. 210--211 ~ (H20), Rf 0.69 (A), 
0.74 (B). tH NMR (0.2 N NaOH),  8 :2 .40--3 .20 (m, 3 H, 
CH2CH); 3.83 (s, 3 H, CH3);  6.74 (dd, I H, PH, dl = 
501 Hz, ~ = 1.5 t'lz); 6 .85--7.30 (m, 4 H, H(Ar)).  Found 
(%1: C, 50.09; H, 6.71; N,  6.66. C~HI4NO3P. Calculated 
(%): C, 50.23; H, 6.56; N, 6.51. MS, m/c 215.1 [M] +. 

l-Amino-I-(p-methoxyphenyl)methylphospMnic acid (21). 
A solution of oxime of p -methoxybenza ldehydc  (13.2 g, 
87.3 retool) in 40 mL of PriOH was added with stirring in an 
atmosphere of nitrogen in 30 rain to a boiling solution of 
H3PO ~ (11.55 g, 175 retool) in 60 mL of priOH and  refluxed 
for an extra 4 h. The reaction mixture was allowed to stand 
overnight at 20 ~ The precipitate that formed was filtered off 
and washed with ethanol. Whi te  crystals of compound 2f 
(4.90 g, 28%) were obtained, re.p_ 206--208 ~ (H20- -E tOH)  
(cf. Ref. 10: m.p. 237--238 ~ Rf 0.66 (A), 0.75 (B). 
IH NMR (0.2 NNaOH), 8 : 3 . 8 0  (d, 1 H, CHP, J =- 13 Hz); 
3.80 (s, 3 H, CH3); 6.75 (rid, l H, PH, Jt = 509 Hz, J2 = 
1.5 Hz); 6.90--7.30 (m, 4 H ,  H(Ar)). Found (%): C, 47.52; 
H, 6.22; N, 6.71. CgHI2NO3P. Calculated (%): C, 47.76; 
H, 6.01; N, 6.96. MS, re~z:. 200.3 [M-I1  +. 

l-Amino-2-(p-hydroxyphenyl)ethylphosphinie acid (2g). A 
solution of compound 2e (2.54 g, I 1.8 mmol) and NaH2PO 2 
(0.05 g, 0,6 retool) in 22 m L  of  4896 HBr was refluxed in an 
atmosphere of nitrogen for 45 rain. and evaporated to dryness. 
The residue was dissolved in 1596 priOH, and the product  was 
isolated by ion-exchange chromatography  with 15% PriOH a~ 
the eluent. White crystals of c o m p o u n d  2g (2.27 g, 96%) were 
obtained,  m.p. 226--227 ~  (H; tO--pr iOH) (cf. Refs. 7 
(235 ~  11 (252 *C for rnonohydrate)) ,  Rr0.61 (A), 0.78 
(B). tH NMR (0.2 NNaOH), ,5:2.20--3.13 (m, 3 H, CH2CH); 
6.55--7.13 (m, 4 H, H(Ar)); 6 .75 (dd, I H, PH, "/t = 499 Hz, 
J~. = 1.5 Hz). MS, re~z:. 199.2 [ M - 2 I  +. 

l-Amino-2-phenylethylphosphonic acid (la).  Br~ was added 
dropwise with stirring at 20 ~  to a solution of compound  2a 
(1.17 g, 6.3 retool) in 5 mL o1"2.0 N HCI until a stable yellow 
color appeared, and then st i rred for extra 30 rain. The  reaction 
mixture was evaporated to dryness ,  the residue was dissolved in 
ethanol, and propylene oxide  was added. A crude product 
(1.38 g) was recrystaliized f r o m  aqueous ethanol. White  crys- 
tals of compound la (I.II g, 8 7 % )  were obtained (see Table I). 

In a similar manner, the cor responding  aminophosphonate 
lb was synthesized from aminoohosphinic acid 2b, yield 76% 
(see Table 1). Found (,%): C, 47.69; H, 6.21; N, 6.77. 
C~,HI2NO3P. Calculated (%): C, 47.77: H, 6.01; N, 6.96. 

l-Amino-2-(p-hydroxyphenyl)ethylphosohonie acid (Ig).  A 
I N solution of 12 (10.5 mL)  in EtOH was added dropwise 
with stirring at 20 ~ to a so l t t t ion  of compotmd 2g (0.20 g. 
1.0 re tool) in  a mixture of 0 .5  mL of cone. HI and  3 mL of 
EtOH. The reaction mixture ,.,,/as stirred for an extra I h and 
then evaporated to d~'ness. T h e  residue was dissolved in 15% 
PrtOH, and the prodttct was i so la ted  by ion-exchange chroma- 
tography with 15% Pr'OH as t h e  eluent. The fractions contain- 
ing acid lg were concentrated,  and the residue was recrystal- 
lized from aqueous PriOH. W h i t e  crystals of compound  ig 
~,0.18 g, 83%) were obtained. 

In a similar manner, ammol~hosphonic acid If (see Table l) 
was synthesized from anainophosphinic  acid 2f (in 58% yield). 
Found (%): C, 44.39; H, 5.7 1 ; N. 6.29. CgHI2NOaP. Calcu- 
lated (%): C, 44.25; H, 5.57; N, 6.45. 
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l-Amino- l-(p-hydroxypheayl)methylphosphonic acid (lh). 
A solution of compound 2f (I.00 g, 5.0 rnmol) and NaH2PO 2 
(0.05 8, 0,6 retool) in 8 mL of 48% HBr was kept in an 
atmosphere of nitrogen at 100 *C for 7 h and evaporated to 
dryness. The residue was dissolved in H20, and the product 
was isolated by ion-exchange chromatography with HzO as the 
eluent. White crystals of compound 2h (0.26 g, 28,%) were 
obtained, m.p. 192--194 *C (H20--EtOH),  Rf 0.58 (A), 0.76 
(B). IH NMR (0.2 N NaOH), 6 :3 .70  (d, I H, CHP, J = 
16 Hz); 6.50--7.10 (m, 4 H, H(At)); 6.73 (dd, I H, PH, 
JI = 503 Hz, J2 = 1.5 Hz). MS, m/~ 186.3 [M-II* .  Oxida- 
tion of compound 2h into Ih (yield 71%) was carried out 
similarly to the above-mentioned synthesis of compound lg 
from 2g. Found (%): C, 41.08; H, 5.21; N, 6.73. C7Ht0NO4P. 
Calculated (%): C, 41.39; H, 4.96; N, 6.89. 

This work was financially suppor ted  by INTAS (Grant  
93-0119), the International  Sc i ence  Foundat ion  (Grant  
MBD 300), and the Russian F o u n d a t i o n  for Basic Re- 
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