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Abstracts - New antibacterial phosphonopeptides (2)  were synthe- 
sized in order to improve the stability against hydrolysis by 

peptidase and the antibacterial spectra. Synthesis of them was 

accomplished by condensation of the N-carbobenzoxyamino acid with 

diethyl aminoalkylphosphonate followed by deprotect~on and hydro- 

lysis. The antibacterial activity was evaluated in a defined 

medium and the stability against hydrolysis by rat liver homo- 

genates was examined. Chemical mdification of the N-terminal 

amino acid moiety of the phosphonopeptide containing sulfur or 

oxygen atom at 8- or y-position of the N-terminal a-amino acid 

residue lost rapidly their in vivo activity in spite of the high 

in vitro activity. The para substituted phenvlalanyl-l-aminoethyl- 

phosphonic acids showed higher stability and sliqhtly lower activity 

compared with those of the corresponding ortho- and meta-substi- 

tuted isomers. Some of these para-substituted compounds (e.g. 

t8, 8 ,  and @,B) exhibited the same level of the biological ac-. 

tivity as that of Alafosfalin ( 1  in potency of the activity, 



broadness of the spectrum, and the serum level in mice after 

peroral administration. Phosphonopeptides consisted of unnatural 

amino acids and aminomethylphosphonic acid showed generally the 

extended spectra and activities, but these compounds were very 

fragile to hydrolysis by peptidase. None of phosphonopeptides 

containing 2-aminoethylphosphonic acid had the activity. 

A synthetic phosphonopeptides, Alafosfalin (1, L-alanyl-L-1-aminoethylphosphonic acid) 
?I 

was introduced as a peptide mimetic which interferes with bacterisl cell wall syn- 

thesis with ptent antibacterial activity especially against Gram negative bacilli?a-cl 

A good synergistic activity of 2 with B-lactam antibiotic was also f ~ u n d . ~ ~ - ~ )  

In our preliminary studeS4) approx. a hundred phosphonodi- and tripeptides containing 

mainly unnatural amino acid were synthesized. The antibacterial activities of some 

of these racemic phosphonopeptides were high and similar to that of Alafosfalin (A). 

However, further investigations have proved that our compounds and & in the previous 
suffered from hydrolysis by peptidases in serum of small intestine. 

3b.h-i) This enzymic breakdown would cause low bioavailability of the phosphonopeptides. 

Alafosfalin (1) was selected as a promising synergistic chemotherapeutic by Roche's ," 
group on account of stability to hydrolysis by peptidease, while the L-methionyl 

analog (2) was abandoned because of fragility to the peptidase, although this com- 
C 

pound ) had the most potent in vitro antibacterial activity among the phosphono- 

pepides containing natural amino acid. 3b) 

CH2R CH & R = H  
I 1 3  

H2NCHCONHCHP03H2 2 R = -CH2SCH3 

(LI (L) 

The above findings stimulated us to intend further development of and related com- 

pound~.~'~) In this paper, new phosphonopeptides of the general formula 2 mainly 
consisting of unnatural amino acid were synthesized. 

(;H2InR (CH2) nR 
I 

Z-NHCHCOOH + H2N-A-PO(OEt)2 --.------) Z-NHCHCONH-A-PO(OEt)2 

2 
R = (substituted)phenyl, benzyl, heterocyclic alkoxy, or alkylthio group 

A = -CH(CH3)-, -CH -, or -CH CH - 2 2 2 
n = l o r 2  

Z = carbobenzoxy 
Scheme 1 
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Chemistry Synthetic method for phosphonopeptides (2) was essentially the same as 
that described in the previous paper4' and represented by Scheme 1. Condensation of 

the N-carbobenzoxyamino acid 1%) with the diethyl aminoalkylphosphonate (?15' in the 

presence of dicyclohexylcarbodiimide (KC) gave the dipeptide It). ~eprotection of 

, followed by a hydrolysis with hydrogen bromide-acetic acid in the absence (Method 

A) or presence of a cation scavenger (Method B)afforded the objective phosphonopeptide 

(21 listed in Table 1 - 4. Unnatural amino acids for the left-half moiety were alter- 

natively prepared as described in Experimental part. 

Antibacterial Activit~ In vitro antibacterial activities of the synthesized phosphonw 

peptides were examined in a defined medi~m~~'and compiled in Table 1 - 4 with their 
bacteriostatic index ( B .  I.) .6' Table 5 showed minimun inhibitory concentration (MIC) 

of the selected phosphonopeptides and known antibiotics. 

Phosphonopeptides I R  - ?& consisted of the para-substituted phenylalanine and 1- 

aminoethylphosphonic acid (abbreviated to AEPA in this paper) showed the reduced 

activities of various degrees compared with that of the non-substituted compound 

I .  In the case of chlorine, bromine, and methylthio as the substituents, however, 

the activities of @,&Q,B, and tzB were almost equal to that of ;1 (Table 5). Itseemed 

that the activity was much reduced when the para-substituent became bulky or hydro- 

philic . & ,  , , , and @. 

Compounds containing the alkoxy and alkylthio amino acid and AEPA I@ - ,351 possessed 
generally the potent activities of average 8.1. + 4 (Table 2 ) .  and the spectra of 

$4, , and 2: were extended to Gram positive cocci (Table 5). 

Phosphonopeptides (2 - a) composed of amino acids and 1-aminomethylphosphonic acid 
(abbreviated to AMPA in this paper1 preserved the high activities similar to the cor- 

responding AEPA analogs l x  - 25) against Gram negative bacilli except for Peeudomonas 
aeruginosa (Table 3 and 5). The extended spectrum to Gram positive bacteria was 

characteristic for these AMPA series of compounds. Introduction of unnatural amino 
I 

acid into the N-terminus was a good modification for increase of ,the, activity. Anti- 

bacterial potency of phosphonopeptides consisted of natural amino acid was in the 

sequence of the Met, Phe, and Ala derivatives: This observation was true in both of 

the AEPA and AMPA series of compound.3a) Para-substitution on the phenyl ring as 

seenincompounds ,31 - $2 reduced somewhat the activity compared with the non-substi- 
tution in 22. 
Phosphonopeptides I - 2 )  consisted of 2-aminoethylphosphonic acid which might be 

regarded as a 0-alanine mimetic7' did not show any of detectable activity (Table 4). 



S t a b i l i t y  aga ins t  Enzymic Hydrolysis The s t a b i l i t y  aga ins t  enzymic hydrolys is  has 

been an  important f a c t o r  f o r  pept ide  a n t i b i o t i c s  t o  maintain t h e i r  i n  v ivo a c t i v i t y .  

  he r e s idua l  a c t i v i t i e s  of t h e  phosphonopeptides a f t e r  t rea tment  wi th  r a t  liverhomo- 

genates IS-9) were examined (Table 6). Racemization of Ala fos fa l in  a s  seen i n  com- 

~ o u n d s  26 and 22 d id  no t  inf luence  on the  s t a b l i t y .  Phosphonopeptides conta in ing 

thiophene and furan r ings  (z@ and 221 l o s t  r ap id ly  t h e i r  a c t i v i t i e s  by S-9 t rea tment ,  

while Ala fos fo l in  (,&I r e t a ined  the  a c t i v i t y  and its r e s i d u a l  a c t i v i t y  was est imated 

t o  be more than 50 % of  t h e  i n i t i a l  a c t i v i t y  a f t e r  120 min. Methionyl compound Xk, 
a racemized form of 2 ,  l o s t  i t s  a c t i v i t y  i n  a  s h o r t  t ime, and compound 1 and $J were 

a l s o  l a b i l e  t o  S-9. 

I" the  case  of t h e  para-subst i tu ted  phenylalanyl-AEPAs 6 - 6 ,  the  s t a b i l i t y  was 

enhanced compared wi th  t h e  "on-substi tuted compound (11. Especia l ly ,  t h e  n i t r o  and 

carbamoyl compounds (A60 and A801 were more r e s i s t a n t  aga ins t  S-9 than a. On t h e  

o the r  hand, the  AMPA s e r i e s  of the  compounds ( - , $& and $$,I was gene ra l ly  un- 

s t a b l e  t o  5-9 and l o s t  r ap id ly  t h e i r  a c t i v i t i e s .  The pa ra - subs t i tu t ion  on t h e  phenyl- 

r i n g  as seen i n  compounds 21, J k ,  and $,& d i d  not  con t r ibu te  t o  the  s t a b i l i t y  i n  

c o n t r a s t  t o  t h e  case  of the  AEPA analogs. 

Inac t iva t ion  of t h e  phosphonopeptides was f u r t h e r  t e s t e d  using p u r i f i e d  enzymes 

(Table 71. There was found t h a t  carboxypeptidase A was no t  e f f e c t i v e  f o r  t h e  in-  

a c t i v a t i o n .  Leucine aminopeptidase brought about remarkably t h e  i n a c t i v a t i o n  a s  

observed i n  t h e  above 5-9 t rea tment ,  bu t  t h e  i n a c t i v a t i o n  time was dependant on a  

concentra t ion of t h e  enzyme. Ala fos fa l in  ( & I ,  26 , and &$,B deminished slowly t h e i r  

a c t i v i t i e s  and compound 28 l o s t  rapidly  t h e  a c t i v i t y  by t h e  S-9 and l euc ine  amino- 

pept idase .  

The s t r u c t u r a l  isomerism of some arylalanyl-AEPAswas found t o  change t h e  r a t e  of t h e  

i n a c t i v a t i o n  by S-9 a s  shown i n  Fig.  1. The para-f luoro  compound I @ )  was more s t a b l e  

than t h e  ortho- and meta-fluoro compounds and 621 and t h e  4-pyridyl compound (jizl 

was the  most s t a b l e  one among th ree  isomeric pyridyl-AEPAs. However, t h e i r  a n t i -  

b a c t e r i a l  potency was i n  inverse  proportion t o  t h e i r  s t a b i l i t y :  The s t a b l e  isomers 

I@ and 621 showed t h e  lowest a c t i v i t y  i n  each of the  phenyl- and pyridylalanyl-AEPAs, 

r e spec t ive ly .  

Comparison of t h e  i n a c t i v a t i o n  r a t e  between the phosphonopeptides and c l i n i c a l l y  

used a n t i b i o t i c s  was shown i n  Fig. 2 .  The a c t i v i t i e s  of Cephalothin and Polymyxin- 

B were r ap id ly  reduced bu t  remained on t h e  l e v e l s  of 7 % (approx.1 o f  t h e  i n i t i a l  

a c t i v i t y . a f t e r  120 min. The a c t i v i t i e s  of D-cycloserine and Cephalexin were no t  
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a f f e c t e d  by S-9, and Fosfomycin magnified of i t s  a c t i v i t y .  A la fos fa l in  I & ) ,  &tB, 
and kt6  were gradual ly  inac t iva ted  by 50 - 75 % of t h e  i n i t i a l  a c t i v i t y  a t  120 min. 

Serum Level of Phosphonopeptides i n  Mice In  connection w i t h  t h e  i n  v i t r o  inac t iva -  

t i o n  experiments above, serum l e v e l s  of  t h e  phosphonopepiteds were examined i n  o rde r  

t o  search f o r  t h e  pharmacokinetics. A l l  phosphonopeptides examined were absorbed 

immediately a f t e r  pe ro ra l  admin i s t r a t ion  t o  mice and t h e  peak concentra t ions  were 

found wi th in  15 min of t h e  dosing.  However t h e  d i f f e r e n t  serum l e v e l s  among t h e  

examined compounds were observed (Fig .  3 ) .  The serum l e v e l  of Ala fos fa l in  (&,) de- 

c l ined  expon in t i ca l ly ,  with h a l f - l i f e  of approx. 20 min, while t h e  compound 1 showed 

the  p a r a l l e l  bu t  lowered serum l e v e l  compared with t h a t  of &,. Para-subst i tu ted  

phenylalanyl-AEPAs 0 ,  Nt3, and kt81 which were r e s i s t a n t  t o  t h e  S-9 o r  l euc ine  

aminopeptidase above showed t h e  h ighes t  serum l e v e l  among t h e  examined phosphono- 

pept ides .  Especia l ly .  t h e  compound k t6  maintained a  high serum l e v e l  wi th  prolonged 

h a l f - l i f e  of approx. 30 min. Unstable phosphonopeptides a g a i n s t  t h e  S-9 (z:, 2%. 
and ??) had undetectable  serum concentra t ion a t  t h e  per iod of 120 min a f t e r  pe ro ra l  

admin i s t r a t ion  of doses up t o  400 mg/kg t o  mice. 

Discussion It is acknowledged t h a t  phosphonopeptides, represented by A l a f o s f a l i n  

( 1 ,  should pass two e s s e n t i a l  s t ages  f o r  e x h i b i t i n g  t h e  i n  v i t r o  a n t i b a c t e r i a l  

a c t i v i t y ;  t i )  a c t i v e  t r a n s p o r t  from t h e  medium i n t o  the  b a c t e r i a l  c e l l  and l i i )  

i n t r a c e l l u l a r  cleavage t o  r e l e a s e  a l an ine  m m e t i c s ,  e.g.  L - A E P A . ~ ~ ' ~ '  I f  t h e  cleavage 

t o  r e l e a s e  AEPA occurred before  t r anspor t ing  of t h e  phosphonopeptide i n t o t h e b a c t e r i a l  

c e l l ,  AEPA i t s e l f  could no t  be involved i n  a c t i v e  t r a n s p o r t  system which c a r r i e s  in-  

t a c t  phosphonopeptide. Furthermore, phosphonopeptide t r anspor t ed  i n t o  t h e  b a c t e r i a l  

c e l l  would no t  show any a n t i b a c t e r i a l  a c t i v i t y  when they were not  cleaved by i n t r a -  

c e l l u l a r  b a c t e r i a l  pept idase .  

A S t r u c t u r a l  v a r i a t i o n  i n  t h e  N-terminus of t h e  AEPA and AMPA s e r i e s  of phosphono- 

pept ides  inf luenced g r e a t l y  on the  a n t i b a c t e r i a l  potency and spec t ra .  Phosphono- 

pept ides  conta in ing a l k y l t h i o ,  alkoxy, some pa ra - subs t i tu t ed  phenyl, o r  he te rocyc l i c  

group on t h e  N-terminal amino acid  res idue  showed genera l ly  high a c t i v i t i e s  with ex- 

tended spec t ra  t o  Gram p o s i t i v e  b a c t e r i a  i n  some cases. Retention of these  high 

a c t i v i t i e s  might be r a t i o n a l i z e d  by an add i t iona l  blockade of t h e  b a c t e r i a l  enzymes 

owing t o  the  l e f t - h a l f  unnatura l  amino acid  a s  an  amino ac id  mimetic. 8 

A s t r u c t u r a l  d i f f e r e n c e  of t h e  phosphonic ac id  moiety between t h e  AEPAandAMPAseries 

of phosphonopeptideswas responsible  f o r  t h e  a n t i b a c t e r i a l  spectrum. The AEPA s e r i e s  

of compounds i n h i b i t e d  gene ra l ly  t h e  g r m t h  of  Gram negat ive  b a c t e r i a  except  f o r  t h a t  



of Pseudomonas aeruginosa and showed few activity against the Gram positive bacteria. 

The antibacterial spectrum of the AMPA series of compounds was broadened to the Gram 

positive bacteria. This spectraldifferencebetween the AEPA and AMPA series of 

phosphonopeptides would be attributed to a reported observation that L-alanyl-AMPA 

122) was transported into the bacterial cell more easily than Alafosfalin (a) .3a) 

Phosphonopeptide as the chemotherapeutic agent or synergist should be resistant 

against peptidase outside the bacterial cell and possess the good pharmacokinetics. 3d-f) 

It would be essential for the evaluation of chemotherapeutic phosphonopeptides to 

examine their stability to the peptidases. In this paper, rat liver homogenate IS-9) 

was shown to be useful to examine the stability without using purified enzyme. This 

simple method provided the following results: (a) The phosphonopeptidewasenzymatical- 

ly hydrolysed to give a-amino acid and AEPA lor AMPA) ,') thus inactivated. lb) This 

inactivation by the hydrolysis was more or less inevitable for the examined phos- 

phonopeptides. lcj The AEPA series of compounds were generally more resistant against 

the hydrolysis than those of the AMPA series. The stability of para-substituted 

phenylalanyl-AEPAs ($6, g 6 ,  and &$61 was well reflected on their higher serum levels 

and peak concentrations than those of Alafosfalin ( & I .  These compounds had the same 

level of the antibacterial activities as that of 1. 

The above results and discussion have shown a structure-activity relationship of the 

phosphonopeptides including the relations between the antibacterial activity and the 

inactivation by peptidases. Further investigation on the synergistic activity with 

aminoglycosides and 6-lactam antibiotics and the in vivo activity are in progress. 
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Table 1: Phoaphonopeptidea Having Para-Substituted 

Phenylalanine Moiety 

L 

Conpd. R') Method Yield mp (dec.) Average 8 .  I. 
No. ($1 'C Gram(-) Gram(+) Total 

a )  Some o f  N-terminal amino acids used as starting materials ere L-form as 

indicated in the parentheses, and the others unspecified are recemic, 

thus giving the diaatereaisamerie mixture of rscemic form. 
4) 

b) Synthesis of this compound was also reported in the pre~ious paper . 
e )  Synthesis o f  the a-isomer was not examined. 



Table 2: Phosphonopeptides Having Alkylthio and AIkoxY Substituents 

Compd. Ra) Pleld mp ( d e e . )  Average B. I. x n  
No. ($1 O C  Gram(-) Oram(+) Total 

a) See footnote a) in Table 1. 

b) See P-aotnote b) in Table 1. 

c) Melted wlthaut decomposition 
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Table 3: Phosphanopeptider Having hinomethylphorphonic Acid Moiety 

Compd. Yield mp ( d m . )  Average B. I. 

No. (9 )  'C Gram(-) Gram(+) Total 

78.0 180-188 

99.0 185-190 

98.0 246-250 

88.0 262-264 

73.3 260-262 

69.1 247-248 

75.7 240-242 

72.2 255-259 

77.9 264-266 

64.4 242-243 

57.9 180-185 

87.5 256-259 

59.0 168-170 

quant. 215-217 

80.0 272-276 

77.8 243-247 

43.5 243-247 

86.0 254-256 

89.0 252-255 

a) See footnote a )  in Table 1. 



Table 4: Phorphonopeptides Having 2-dminaethylphosphonie Acid 

Moietya) 

Compd. R Method Yield mp (dec.) Average B. I. 

No. (%) "C Gram(-) Gram(+) Total 

a) see footnote a) in Table 1 
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Table 6: Stability of Phosphonopeptides against Enzymic Hydrolysis 

by Rat Liver Homogenates (S-9) 

Compd. Residual Aetlvity (%) b) 

N O . & )  15min 3Omin 6Omin 12hin 

1 94.0 90.0 72.0 .52.0 

zf2 c )  c )  68.0 55.0 

27 c )  c )  76.0 52.5 ' 

2 17.0 1.5 0.2 s 0 

3 C )  62.0 41.5 25.0 

L,w 85.0 77.0 55.0 36.5 

XLe 76.0 66.0 48.0 28.5 

L2 C )  49.5 26.0 5.9 

I2 C )  50.0 27.5 10.0 

14 - e )  65.0 55.0 42.5 

ULE 88.0 74.0 70.0 63.0 

l.7 e )  37.0 25.5 8.3 

9 103.0 94.0 80.0 62.0 

9.t C )  60.0 47.0 24.0 

24 - 0 0 0 0 

2.6 0.2 0 0 

2 1.1 0 0 0 

59 0 0 0 0 

6? 19.3 2.3 0 0 

22 40.0 14.3 0 0 

34 - 18.2 2.7 0 0 

35 - 0 0 0 0 

s 0 0 0 0 

ZZ 0 0 0 0 

38 0 0 0 0 

41 0 0 0 0 

44 0 0 0 0 

a) E ,  DL-alanyl-DL-AEPA; x,  L-alanyl-DL-AEPA; s, 0-2-thienyl-DL-AEPA; z, P-2-furanyl-DL-AEPA; 60, a-aminobutyryl-DL-AEPA. Synthesis of 
these compounds was previously reported4). 

b) Residual activity of the test compound was expressed as the percentage 
of residual active concentrationafter enzymic hydrolysis to initial 
~Oncentratlon (100 &&g/rnl). Zero percent shoved no detection of the 
residual activity. 

C )  Not determined. 





or tho  

lncubati on T~me ( min ) 

Fig.  1: An t i bac te r i a l  A c t i v i t y  and S t a b i l i t y  against  the  S-9 Hydrolysis of  Isomeric Ary la lany l  Phosphonopeptides. 

A c t i v i t y  was expressed by the  diameter of  i n h i b i t i o n  zone a t  100 uglml of t he  t es t  compound against  Shi. sonnei EW 33, 

and s t a b i l i t y  was expressed by t he  res idua l  a c t i v i t y  a f t e r  t reatment by the  S-9. 

6_1. 0-fluorophenylalany-DL-AEPA; U,m-fluorophenylalanyl-DL-AEPA; 6-3, 2-pyridyl-DL-AEPA; 63, 3-pyridyl-DL-AEPA; 

65. 4-pyridyl-DL-AEPA. Synthesis of  these compounds was prev ious ly  reported.4) 



Incubation T~rne (rnin ) 

Fig. 2 :  I n a c t i v a t i o n  of Phosphonopeptides and C l i n i c a l l y  Used A n t i b i o t i c s  

by Rat L i ve r  Homogenates(S-9). I n i t i a l  concentrat ion of the  t e s t  compounds 

was 200 pg/ml. CEX, Cephalexin; CET, Cephalothin; FOM, Fosfomycin; CS, 

0-Cycloserine; PL, Polymyxio-8. 
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Time after Adm~ nistration ( m ~  n 

Fig .  3: Serum Levels of Phosphonopeptides a f t e r  Perora l  Admin is t ra t ion  

t o  Mice ( Dosage: 100 mg/Kg ) .  Serum concentrat ions were not  detected 

a t  lowered concentrat ions;  1 1.0, 2.0, 2p 2.0, 1_0p 2.0, and I j p  5.0 

uglml . 



EXPERIMENTAL 

All melting points are not corrected. IR spectra were determined on a Hitachi 215 

recordingspectrometer and NMR spectra on a JNM PMX-60 spectrometer using tetra- 

methylsilane or sodium trimethylsilylpropanesu1fonate as an internal standard. 

Reference antibiotics (AB-PC, D-Cycloserine, CEX, CET, and Polymyxin-B) and authentic 

peptidases (leucine aminopeptidase and carboxypeptidase-A) used were Sigma reagents 

of Sigma Chemical Co., USA. Fosfomycin used was Fosmicin-@ for injection of Meiji 

Seika, Co., Japan. Alafosfalin was supplied from the Roche Products, UK. 

Starting Amino Acids 

a) The following amino acids were prepared according to the literature shown: 6-4- 

iodo-D,L-phenylalanine,lO' 6-4-nitro-~,~-~hen~lalanine,~~) 6-4-methylthio-, and 6-4- 

ethylthio-~,L-phenylalanine,~~) S-phenyl-~,~-cysteine,'~) S-benyl-D,L-homocysteine, 14) 

0-ethyl-~,~-homoserine,~~) 0-phenyl-D,L-homoserine. 16) 

b) The other amino acids were commercially available or prepared by the usual method 

for a-amino acid. 17) For example, condensation of 4-bromophenoxyethyl bromide with 

diethyl acetaminomalonate in the presence of sodium ethoxide followed by hydrolysis 

with a mixture of dil. HC1 and AcOH gave 0-4-bromophenyl-homoserine as colorless 

crystals, mp 228 - 231° (dec.). 
N-Carbobeneoxy Amino Acids (4) 

These compounds were prepared by usual procedure for carbobenzoxylation of a-amino 

acid; the free a-amino acid was treated with carbobenzoxy chloride in the presence 

of sodium hydroxide to obtain the N-protected amino acid after usual work-up. 

Diethyl Aminoalkylphosphonates(5) 

Diethyl D,L-1-aminoethylphosphonate was prepared by the following one pot procedure 

by modified Chalmer's method. la) A mixture of acetaldehyde-ammonia 12.25 g (0.2 mol), 

diethyl phosphite 30.389 (0.22 mol), and liquid ammonia 40 ml was stirred in a sealed 

tube at room temperature for 3 days.Distillation of the reaction product gave a color- 

less oil, 27.519 (76.0 % ) ,  bp 58 - 61' (0.25 m g ) .  Diethyl aminomethylphosphonate 19) 

and 2-aminoethylphosphonate20) were respectively prepared by the reported method. 

Diethyl N-Substituted Aminoalkylphosphonate Derivatives (6) 

A mixture of equimolecular amounts of N-carbobenzoxy-a-amino acid, diethyl D,L-1- 

aminoalkylphosphonate (z),  and DCC was stirred in an enough ammount of appropriate 
Solvent (CH2C12, benzene, AcOEt, DME or their mixture to dissolve the amino acid and 

DCC). Thereactiontemperature was maintained below 5' by ice-cooling for 0.5 - 3 hr 
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followed by coming up t o  room temperature,  and t h e  s t i r r i n q  w a s  continued f o r  a 

f u r t h e r  8 - 24  h r .  A p r e c i p i t a t e d  dicyclohexylurea w a s  removed by f i l t r a t i o n .  The 

f i l t r a t e  was washed l d i l .  H C 1 ,  water ,  and b r i n e ) ,  d r i e d  lNa2S04), and evaporated.  

The crude product ,  t h u s  obta ined,  was subjected  t o  f r a c t i o n a l  c r y s t a l l i z a t i o n  from 

appropr ia te  so lven t s21)  o r  column chromatography22) using s i l i c a  g e l  t o  g ive  pure 

product l o p t i c a l l y  a c t i v e  compound, racemate, d i a s t e reo i somer ic  mixture,  o r  i t ' s  

separa ted  a- and %-isomer).  

Phosphonopeptides ( 3 )  Method A 

A mixture of t h e  N-substi tuted aminoalkylphosphonate d e r i v a t i v e  ($,I a q and excess  

30 % HBr-AcOH 5 - 15 x a m l  was s t i r r e d  a t  room temperature f o r  12 - 6 4  h r  and 

poured i n t o  e t h e r .  A n  o i l y  substance p r e c i p i t a t e d  was c o l l e c t e d  by decanta t ion 

and taken up i n t o  EtOH o r  MeOH. To t h i s  so lu t ion  was added an excess of propylene 

oxide t o  p r e c i p i t a t e  a s o l i d  which was c o l l e c t e d  by f i l t r a t i o n  and washed with MeOH 

t o  g ive  an ob jec t ive  p h o s p h o n o ~ p t i d e .  This method provided t h e  following phosphono- 

pept ides  as c o l o r l e s s  c r y s t a l s .  



NMR ( I  

PCHCB3 ol PCB2- 

-NaOD) 6 

Other protons 

7.21 and 7.54(eaeh2H, d, J=B.OHz, 
Br-C6H4-) 

7.14 and 7.48(eaeh2H, d, J=8.4Hz, 
Br-C6H4-) 

6.97 and 7.62(each2H, d ,  J=8.OHz, 
I-C6H4-) 

6.97 and 7.62(each2H, d, J=B.OHz, 
I-c~H~-) 

7.01 and 7.30(eaeh2H, d, J=8.5Hz, 
HO--CA&--) 

4.00(3H, s ,  4CH3), 7.01 and 7.27 
(eachZH, d ,  J=8.OHz, CH3O-C6W) 

1.39(3H, t, J=I.OHz, 4CH2CH3), 
4.07(2H, q, J=7.0Hz, 4CH2CE3), 
6.97 and 7.27leaeh2H.. d. J=9.OHz. 

No clear signals were observed. 

7.71 and 8.38(eaeh2H, d, J=8.8Hz, 
NO2-C6E4-) 

7.54148, s ,  H2N-C&-) 

7.38 and 7.82(eaeh2H, d, J=B.OHz, 
H2NCO-C6E4-) 

7.38 and 7.82(eaeh2H, d, J=B.OHz, 
H2NCO-C&-) 

2.80[6H, s, -N(CH3)2], 6.96 and 
7.23(eaeh2H, d, J=9.0Hz, 
Me2N-C6E4-) 
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6.93 and 7.50(each2H, d, J=9.0Hn, 
Br-C6&-1 

2.80(3H, s, -SOCH31 

3.16(3H, s, -S02C&) 

1.23(3H, d, J=7.OHz, -CHm3) 

1.35(3H, t, J=7.OHz, -CH2CB31 

7.31(m, S ,  -c6g5) 
7.08-7.55(48, m, P-Cg4-1 

7.15-7.60(48, m, C1-C6&-) 

7.20 and 7.54(eaehZH, d, J=8.4Hz, 
Br-C6g4-) 

7.08 and 7.72(eaeh2H, d, 54.0, 
2.0Hz, I-C6a4-) 

7.30(4H, s, CH3-C6A4-) 

7.53 and 8.25(eachZH, d, J=8.5Hz, 
Uo2-C6Hq-1 

7.32-7.66, 7.78-8.15 and 8.50-8.75 
(eaehlH, m ,  pyridyl-Hx3) 

3.96-7.24(28, m ,  thienyl-qx2), 7.4: 
(IH, dd, J=5.0, Z.OHz, thienyl-H) 

1.50 and 9.07(eaehlH, d, J=Z.OHz, 
thiazolyl-gx2) 

j.O3(2H, 5 ,  -OCBZO-1 . 
7.18 and 7.52(each2H, d, J=S.OHz, 

j.95-7.66(5H, m ,  4C6u5) 

5.97 and 7.56(eaeh2H, d, J=9.0Hz, 
3'-C6H4-) 

1.76(3H, d, J=6.0Hz, -CHCB3) 

7.43(5H, s, -C6g51 

1.45(2H, d, J=7.OHz, H2NCHCg2-) 

l.41(3H, s ,  -OCH3) 

a) NMR spectrum was determined in CP3C02H, b) I" CD3COP, e )  I" D20. 
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Determination of An t ibac te r i a l  Ac t iv i ty  

The minimum i n h i b i t o r y  concentra t ion IMIC)  and b a c t e r i o s t a t i c  index 1 calucula ted  

by the  equation: log2[100/MIC (yg/ml) 1 6 )  was determined on t h e  def ined agar  by a  

method previously  descr ibed.  4 )  

Enzymic Hydrolysis 

A homogenate of r a t  l i v e r  was prepared as a crude pept idase  by us ing a method s imilar  

t o  one descr ibed previously .  23 )  Af ter  homogenation of S.D. r a t  l i v e r  i n  3  t imes 

volume of a  cold  K C 1  s o l u t i o n  (0.15 M) followed by c e n t r i f u g a t i o n  of t h e  homoqenates 

a t  9,000 x g  f o r  10 min, t h e  supernatant - IS-9)  was s t o r e d  a t  -80°C and used f o r  t h e  

experiments. 

Equi-volumes of aqueous s o l u t i o n s  of t e s t  compound and S-9 were mixed and incubated 

a t  37'C wi th  gen t l e ' shak ing .  Af ter  15,  30, 60, and 120 min, each incubate  was boi led  

f o r  one minute ' for  i n a c t i v a t i o n  of t h e  pept idase .  The r e s i d u a l  a c t i v i t y  of t h e  s u p e r  

na tan t  obtained by c e n t r i f u g a t i o n  a t .3 ,000 x  q  was determined by t h e  cup d i f fus inon  

method using S h i g e l l a  sonnei  EW 33. 

S t a b i l i t y  of t h e  t e s t  compounds aga ins t  au then t i c  pept idase  was examined by t h e  

method descr ibed i n  reference .  2 4 )  The r e s i d u a l  a c t i v i t y  was determined by the  same 

manner i n  t h e  case  of S-9. 

Pharmacokinetic Studies  

Aqueous s o l u t i o n s  of t e s t  compounds including Ala fos fa l inwere  pe ro ra l ly  adminis t ra ted  

t o  male mice (dd Y s t r a i n o f b o d y  weight approx. 30 g ) .  A t  s u i t a b l e  i n t e r v a l s  of 5 

t o  120 min a f t e r  t h e  dosing,  mice were anes the t r i zed  and blood samples were c o l l e c t e d  

by bleeding from t h e  c a r o t i d .  The blood samples were cen t r i fuged  a f t e r  coagula t ion 

a t  4'C. The r e s u l t a n t  s e r a  were c o l l e c t e d  and s t o r e d  a t  -20eC u n t i l 1  t h e  measure- 

ment. , , 

The a n t i b a c t e r i a l  a c t i v i t i e s  of t h e  s e r a  samples were determined by the  cue d i f f u s i o n  

method us ing Sh iqe l l a  sonnei EW 33. . , . , ', 

. , . .  
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