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SYNTHETIC COMMUNICATIONS, 22(16), 2373-2380 (1992) 

ACID-PROMOTED P H O S P H O N Y L  MIGRATION IN 
N-PI-IOSPHONYL-CX-AMINOALCOHOLS. FROM 
N-(2-HYDROXYETHYL)PHOSPHONAMIDES TO 

0-(2-AMINOETHYL)PHOSPHONATES.I 

A. Palomer' , M. Cabre, D. Mauleon, G. Carganico 
R 8: D Dept. Laboratorios Menarini S.A. 

Alfonso XI1,587. Badalona 08912 (Spain). 

Abstract: A novel acid-promoted N -  to 0-phosphonyl migration is described in N- 
( 2  - hy droxy e t hy1)p hosp ho nam id es giving 0 - ( 2  -am inoe thy i )p h osp honates, a 
reaction which parallels the known N -  to 0-acy l  migration in N-monoacyl-a- 
arninoalcohols. 

Transition-state analogs arise as one of the most promising mechanism-based 
enzyme inhibitors. This approach has been applied to the design of inhibitors 
against hydrolytic enzymes by using the terrahedral phosphorus as a stable mimic 
of the tetrahedral carbon atom present i n  the intermediate~.~?3 The electronic 
structure of the phosphonate and phosphonamide groups makes them interesting 
candidates in the preparation of ester-hydrolyzing enzyme inhibitors and justifies 
the increasing interest in the synthesis of these type of compounds as well as on the 
study of their chemical properties. 

During our continuing program on synthesis and biological evaluation of 
long-chain a-aniinoalcohols and some N-acyl derivatives as antiinflamniatory 
phospholipase A2 inhibitors,4 we have synthesized several N-phosphonyl-a- 

* To whom correspondence should be addressed 
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7 x 

Scheme I :  Acid-promoted migration of phosphonyl group in phosphonamides 1 - 
3 and 7, leading to phosphonates 4-6 and 8. respectively. 

aminoalcohol compounds. These products have shown to be rather unstable 
towards hydrolysis as well as under acidic conditions. 

Nitrogen to oxygen acyl group migrations have been extensively studied i n  
N-acyl-a-aminoalcohols.5 These compounds undergo N- to 0-migration in the 
presence of acids, and the reverse 0- to N-migration under basic treatment. 
Surprisingly, there are no reports of the equivalent phosphorus migration i n  the 
literature. This rearrangement has only formally been proposed as an  intermediate 
in a multi-step rearrangement observed from the opened form of a 2-deoxy-2- 
phosphorylaminoglucose.6 

In  this communication we report for the first time the acid-promoted 
migration of the phosphonyl group i n  N-(2-hydroxyethyl)phosphonamides leading 
to 0-(2-arninoethyl)phosphonates (cf. scheme l ) ,  a process which is likely to occur 
through a mechanism similar to the above mentioned acyl migration. However, 0- 
acyl derivatives can undergo the reverse process in alkaline media, whereas 
phosphorus analogs show only the described acid-promoted N- to 0-migration. In  
this case, aqueous basic treatment leads exclusively to the 0-phosphonate 
hydrolysis. 
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H 

R, = CH,, R, = CH2CH3 (2) 
R ,  = CH,, R, = H (3) 

H OH 
7 

H OH 
11 

Scheme 2: Phosphonarnides (2: 3 and 7) O-methyl ester hydrolysis. 

Compounds 1,7 2,* 39 and 71° have been synthesized via triethylamine- 
catalyzed coupling of the phosphonyl chloride and the corresponding arnine in 
Dh4F. Purification was performed by column chromatography using either Florisil 
or Silica-gel as the stationary phase. Treatment of 1 with 0.1N HC1 afforded 
transformation into 4 (cf. scheme l),* * which remains stable upon treatment with 
1.5N LiOH at room temperature for 24 hours. Additionally, compound 2,  3 and 7 
led to the migration product 5,12 613 and S,14 respectively, (cf. scheme 1) when 
treated with acetic acid (0.01N in chloroform). 

Phosphonamides 1-3 and 7 respond in  different manner to alkaline 
treatment. Compound 1 decomposes i n  1 . 5 N  LiOH giving complete 
hydrolysis products, whereas the phosphonamide moiery of compounds 2 , 3  and 
7 remains unaltered after this treatment and only the 0-methyl ester function is 
hydrolyzed, leading to the acids 9,l5 1016 and l l , 1 7  respectively (cf. scheme 2). 
Phosphonates 4 and 8 remain stable upon treatment with 1.5N LiOH at room 
temperature for 24 hours, therefore, the reverse 0- to N-phosphonyl migration was 
not observed, thus differentiating from N-acyl derivatives of a-aminoalcohols that 
reverse the reaction in basic media. 
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2376 PALOMER ET A L .  

Table: Differential 13C- and 1H-NMR signals for phosphonamides (1-3 and 7) 
vs. phosphonates (4-6 and 8, respectively). 

NMR (8 ppm) 'H N M R  (6 ppni) 

COMPOUND NCHCHO CH3OP NCHCLlO CHjOP CH2P 

Phosphonamide- 1 
Phosphonate-4 
Phosphonamide-2 
Phosphonate-5 
Phosphonamide-3 
Phosyhonate-6 
Phosphonamide-7 
Phosphonate-I) 

63.28 
61.98 
65.85 
61.38 
62.98 
58.20 
74.56 
71.32 

50.52 
52.34 
50.67 
52.90 
50.57 
52.38 
50.99 
52.22 

3.01 (2H) 
4.08 (2H) 

3.35-3.50 (2H) 
N. A.  

3.60 (2H) 
3.77-3.78 (2H) 

3.61 (IH) 
3.40-3.58 ( 1  H)  

3.62 1.65 (2H) 
3.70 1.54 (2H) 
3.50 1.40 (3H) 
3.70 1.30 (3H) 
3.55 1.40 (3H) 
3.70 1.52 (3H) 
3.35 1.22 (3H) 
3.65 1.35 (3H) 

'H and I3C NMR specira wcre recorded on a Varian 300-MHz spccvomctcr. Chcmical shifts 

(6) are reported i n  ppni related LO tetramethylsilanc. N .  A,:  Thc signal could not be 

unambiguously assigned. 

The structures of compounds 1-8 were elucidated on the basis of their NMR data. 
Significant differences were observed between I3C NMR signals corresponding 10 

the 0-methyl (CH3OP) and the NCHCHO groups, both C-signals unambiguously 
assigned from the coupling with the neighbouring phosphorus atom. 1H NMR 
spectra also show some significative differences in the 0-methyl (Ca3OP), the 
C&P and the NCHCHO H-signals (cf. table). 

A c k n ow I e d g me n t s .  

We gratefully acknowledge Prof. F. Arcamone for manuscript revision and helpful 
discussion. 
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(7) Compound 1 has been prepared as follows: 118 mg (1.93 mmols) of 2- 
aminoethanol, 1 17 mg (0.96 mmols) of DMAP and 195 mg (1.93 mmols) of 
TEA were dissolved in  10 mL of DMF in inert atmosphere. 400 mg (0.96 
mmols) of 0-methyl n-hexadecylphosphonyl chloride dissolved in  10 mL of 
dried CH2C12 were added dropwise. The mixture was kept stirring at room 
temperature during 30 minutes. The solvent was evaporated iiz vucuo giving 
568 mg of crude product that was purified by column chromatography, using 
Florisil as stationary phase and CH2CIZJCH30H (955)  as eluent. 72 mg (16% 
yield) of pure I were obtained. 1H NMR 6 (ppm) 3.62 (m, 1H; NCH2CH20); 

3.62 (d J = 6, 3H; CJll3OP); 3.31 (In, 1H; NCHzCH20); 3.01 (m, 2H; 
NCH2CH20); 1.79 (m, 2H: alkylCH2CH2P); 1.65 (m, 2H: alkylCH2CH2P); 
1.10-1.35 (m, 26H; alkyl chain); 0.85 (dd J = 3 and 3, 3H; Cka lky l ) ;  I3C 
NMR 6 (pprn) 63.28 (dt, NCH2CH20): 50.52 (dq, CH3OP); 43.88 (dt, 

NCH2CH20); 32.13 (t); 31.09 (t) ;  30.86 (t) ;  29.40-29.90 (t);  26.54 (dt, 
alkylCH2P); 22.86 (t): 22.40 (dt, alkyICH2CH2P); 11.26 ((1, alkylCH3). 

(8) Compound 2 has been prepared as indicated for phosphonamide I ,  starting 
with 1.04 g (1 1.67 mmols) of 2-aminobutanol and 1 .O g (7.78 mmols) of 0- 
methyl methylphosphonyl chloride. After Silica-gel purification, 314 mg 
(20.1% yield) of pure 2 were obtained. IH NMR 6 (ppm) 3.50 (d J = 6, 3H; 

CH3OP); 3.35-3.50 (m, 3H; OH and N H C H C b O H ) :  2.85 (m, 1H; 
NHCHCH20H): 1.25-1.50 (m, 2H; CH;C&): 1.40 (d J = 9, 311: CH3P); 
0.80 (dd J = 3 and 3, 3H; CI33CH2). 13C N M R  6 (ppm) 65.85 (dt, 
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PALOMER ET A L .  2378 

NCHCH2O); 55.09 (dd, NHCHCH20); 50.67 (dq, CH30P); 26.45 (dt, 
CH2CH3): 13.24 (dq, CH3P); 10.74 (q, CHKH3). 

(9) Compound 3 has been prepared as indicated for phosphonamide 1, starting 
with 0.95 g (15.6 mmols) of 2-aminoetanol and 1.0 g (7.78 mmols) of 0- 

methyl methylphosphonyl ,t. After Florisil purification, 1 I7 mg (10.1% 
yield) of pure 3 were obtained. IH NMR 6 (pprn) 3.60 (d J = 6, 3H; 
C&,OP); 3.60 (m, 2H; NHCH2CbOH); 2.95 (m, 2H; NHCH2CH20H); 
2.40-2.60 (bs, IH; NH): 1.42 (d J = 9, 3H; CH3P). 13C NMR 6 (ppm) 

63.15 (t, NCH2CH20); 50.70 (dq, CH3OP); 43.60 ( t ,  NHCHCH20); 12.35 
(dq, CH;P). 

(10) Compound 7 has been prepared as indicated for phosphonamide I ,  starting 
with 2.36 g (15.6 mmols) of 2-aminociclohexanol and 1.0 g (7.78 mmols) of 
0-methyl methylphosphonyl chloride. After Silica-gel purification, 1.03g 
(63.9% yield) of pure 7 were obtained. 1H N M R  6 (ppm) 4.70 (d, OSH, 

NH); 4.55 (d, 0.5I-1, NII); 3.61 (dd J = 3 and 6, 1H; CHOH); 3.37 (d J = 6, 
1.5H; CH3OP); 3.35 (d J = 6, 1.5H; CH3OP); 2.95 (bs, 1H: NHCH); 2.49 
(d, 0SH, OH): 2.37 (d, 0SH, OH); 1.70 (m, 2H; HOCHCU?); 1.40 (m, 
2H; HNCHCHl); 1.22 (d J = 9, 3H; CN3P); 0.97 (m, 4H; Cy). 13C NMR 6 
(ppm) 74.56 (dd, NCHCHO); 57.63 (dd, NHCHCHO); 51.00 (ddq, 
- CH30P); 34.33 and 34.10 (t. HNCHCH;! and HOCHCI-12); 25.15 and 24.42 
( t ,  Cy); 13.06 (ddq, CH;P). 

( I  1 )  Conversion of 1 into 4 was achieved (6: text) by shaking a solution i n  0 .1N 
HCI during 10 minutes. Compound 4:  ' H  NMR 6 (ppm) 4.08 (m, 2H; 
NCH2CH20); 3.70 (d J = 6, 311: CH;OP); 1.78 (m, 2H: alkylCH2CH2P); 
1.54 (m, 2H; alkylCI&CH2P): 1.10-1.40 (m, 28H; alkyl + NCH2CH20); 
0.85 (dd J = 3 and 3, 3H; CH3alkyl). 13C N M R  6 (ppm) 61.98 (dt, 
NCHzCH20); 52.34 (dq. CH3OP): 32.14 (I);  30.93 ( t ) ;  30.71 ( t ) ;  29.40- 
29.90 (t): 25.37 (dt, alkylCH2P); 22.88 (t);  22.50 (dt, alkylCH2CH2P): 
16.65 (dt, NCH2CH20); 14.28 (4, alkylCH3). 

'12) 'The rearrangement of 2 into 5 was observed i n  a sealed N3IR tube, dissolved 
in 0.01N acetic acid-d in chloroform-d, under inert atmosphere and during 20 
hours. Compound 5: IH NMR 6 (ppm) 3.70 (d J = 6, 3H: CH3OP); 1.30 (d J 
= 9, 3H: C h P ) ;  0.80 (dd J = 3 and 3, 3H; Cl33CH2). 13C NMR 6 (ppm) 
61.38 (dt, NCHCH20); 52.90 (dq, CH30P); 22.60 (dt, CH2CH3); 20.70 
(dd, NHCHCH20); 12.00 (dq, CH3P); 9.92 (q, CH2CH3). 
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N-PHOSPHONYL-a-AMINOALCOHOLS 2379 

(1 3) The rearrangement of 3 into 6 was observed i n  a sealed NMR tube, dissolved 
in 0.01N acetic acid-d in chloroform-d, under inert atmosphere and during 20 
hours. Compound 6: IH NMR 6 (ppm) 3.77-3.78 (m, 2H; NHCH2C&0); 

3.70 (d J = 6, 3H; C&,OP); 3.25 (m, 2H; NHCfi12CH20); 1.52 (d J = 9, 3H; 
CH3P). I3C NMR 6 (pprn) 58.20 (t, NCH2CH20); 52.38 (t, NHCH2CH20); 
42.24 (dq, CH3OP); 10.88 (dq, CH3P). 

(14) The rearrangement of 7 into 8 was observed in a sealed NMR tube, dissolved 
in 0.01 N acetic acid-d in chloroform-d, under inert atmosphere and during 5 
days. Compound 8: IH NMR 6 (ppm) 3.40-3.58 (m, 2H: NHCHCHO); 3.65 

(d J = 6, 3H; CH3OP); 3.00-3.25 (m, 2H; NHCBCHO): 1.30- 1.60 (m, 4H; 
NHCHC& and OCHCH2), 1.35 (d J = 9, 3H; C&P), 1.10- 1.30 (m, 4H; 
Cy). *3C NMR 6 (ppm) 71.32 (t, NHCHCHO); 57.58 (dq, NHCHCHO); 
52.22 (t, CH3OP); 34.50 and 34.23 ( t ,  HNCHCH:! and HOCHCHz), 24.88 
and 24.52 (t. Cy), 11.44 (dq, CH3P). 

(15) Hydrolysis of 2 to give acid 9 was achieved by treatment with aqueous 1.5N 
LiOH during 2 hours at room temperature. Compound 9: 'H NMR 6 (ppm) 

3.28 (dd J = 3 and 7, 1H; NHCHChOH); 3.17 (dd J = 5 and 7, 1H; 
NHCHCH20H); 2.75 (m, IH; NHClJ-CH20H); 1.26 (m, 1H; C H 3 C k ) ;  
1.11 (m, 1H; C H 3 C b ) ;  1.05 (d J = 11, 3H; CI33P); 0.72 (dd J = 5 and 5 ,  
3H; C b C H 2 ) .  33C NMR 6 (ppm) 68.28 ( t ,  NHCHCH20H): 56.00 (d, 
NHCHCH20H); 27.70 (dt, CH3CH2); 16.44 (dq, CH3P); 11.24 (q,  

CH 3 CH2). 
(16) Hydrolysis of 3 to give acid 10 was achieved by treatment with aqueous 

1.5N LiOH during 2 hours at room temperature. Compound 10: IH NMR 6 
(ppm) 3.28 (dd J = 3 and 7, 1H; NHCHCl320H); 3.32 (m,  2H; 
NHCHzCbOH); 2.72 (m, 1H; NHCB2CH20H): 2.45 (bs, 1H: NH): 1.00 
(d J = 1 1,  3H; C&P). 13C NMR 6 (ppni) 64.96 (t, NHCH2CH20H): 45.15 

( t ,  NHCH2CH20H); 15.86 (dq, CH3P). 
(17) Hydrolysis of 7 to give acid 11 was achieved by treatment with aqueous 

1.5N LiOH during 24 hours at room temperature. Compound 11: IH NMR 6 
(ppm) 8.29 (bs, 1H; P(0)OH); 3.08 (bs, 1H; Nu); 2.92 (m,  I H ;  
NHCHCHOH); 2.45 (m, 1H; NHCHCHOH); 1.60 (m, 2H; C b C H O H ) ;  
1.43 (m, 2H; CH2CHNH); 1.05 (d J = 6, 3H; CH3P); 1.00 (bs, 4H; Cy). 
13C NMR 6 (ppm) 77.72 (d, NHCHCHOH); 58.33 (d, NHCHCHOH); 
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2380 PALOMER ET A L .  

35.71 ( L  CH2CHOH); 35.26 ( t ,  CHzCHNH); 26.92 ( t .  Cy): 26.85 (I. Cy); 

16.31 (dq, CH3P). 

(Received in The Netherlands 16 A p r i l ,  1992) 
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