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SUMMARY 

The s y n t h e e i s  of 6-(D-a-aminophenyla~etamido-l-~~C)- 
p e n i c i l l a n i c  a c i d  I V )  is descr ibed .Benaa1dehyde  (I) was 
c o n v e r t e d  w i t h  sodium cyanide-”C and ammonium c h l o r i d e  
i n t o  D,L-a-aminophenylace t ic  a c i d - 1 - l ’ ~  (II), f r o m  which 
t h e  D-form was s e p a r a t e d  w i t h  D-camphorsu l fon ic  a c i d .  
The D-a-aminopheny lace t i c  acid-l-”C (III) was converted, 
wi th  e thy l  acetoacetate i n t o  d n o d e r i v a t i v e  ( J V )  , which ,  
by  means of r e a c t i o n  w i t h  e t h y l  c h l o r o c a r b o n a t e  and with 
triethylanmwniwn s a l t  Of 6 - a m i n o p e n i c i l  l a n i c  a c i d ,  gave  
6-  (D-a-aminopheny Zacetamido-1 - I  4C) - p e n i c i  1 l a n i c  a c i d  ( V l  . 

INTROWCTIOh‘ 

The 6-(D-a-aminophenylacetamido)-penicillanic acid (V), ampicillin, is one 

of the most useful antibioticsand one of most todqy used semisynthetic penicil- 
I?  -6 \ . I  

lins 

l i n  a n d  f o r  such Durnose 6-(h-aminouhenylacetamldo-l- 

was qynthetized. 

. Tt in not till now capletely horn the in vivo metabolism of ampici!, 

C)-penicillanic acid(V) 
1A 

77S!11 TS 

1 A  
?nrzaldehpde (I), hy meann of  reaction with sodium cyanide C and ammonium 

(7 )  
rh lor ide  ,md ther hy mean8 of hydrolysis with hydrochloric acid according 

’!?? rorvertnd i c t o  n,I-.l-aminoDhenylacetir. acid-1- 

, 
i a  

C (TI). 
1/! 

!ram S,l-~-~mironhenylacctic acid-1- C (TI), the D-form (3TI) was separated 
f V - l r \  1c 

7 Q-?rr+!ormi fonn.’e . The 1-n-mironhenylacetic acid-1- C remaininr in 

‘.e mother l i m o -  w ?  .-.pair corvnrted with ’an11 at lMo into D,I.-form frwn which 

,-t-.-J.:iro~Fherp’acnt’;c ac id  ( I T T )  was a-:ir recovered, as indicated ahove, with 

. -r---..’.o-n:’ !‘or r i c i  ci. 
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h e  canpound (111) was t rea ted  with e thyl  acetoacetate and potassium 
(1 1-1 3 

hydroxide and gave the enminoderivative (IV).  

The compound (IV), t rea ted  i n  acetone with e thyl  chlorocarbonate, gave the 

mixed anhydride which was reacted with triethylamonium salt of 6-aminopenicilla- 

n i c  acid and gave 6-(D-cr-minophenylacetamido-l~4C)-penicillanic acid 

tr ihydrata (V). 

EXPERIMENTAL 

Materials and methods.-Melting points a re  uncorrected, op t ica l  ro ta t ion  

were determined at 20° with Perkin-Elmer mod.141. 

h - q v e d  spectra were measured i n  nujol with Perkin-Elmer mod.157 G. 

Chromatography: 
l A  lA 

10 mcg of D,L-a-minophenylacetic acid-1- C c r  D-a-aminophenylacetic acid-1- C 

dissolved i n  10 mcl of methanol, 20 mcg of potassium s a l t  of h'-(l-ethcxycarbc- 

nylpropen-2~l)-h-aminophenylaoetic  acid-1- 

100 mcg of ampicillin dissolved in 10 mcl of water, were used. 

l A  
C i n  10 mcl of HC1 h' i n  water, 

Thin laysr  chranatography method a: was performed on s i l i c a  gel t rea ted  with 

buffer pH 6.0 (obtained f r a  135 m l  of 0.1M h'a2HPOp and 865 m l  of 0.1M KH PO 

and desiccated 30 min at l O 5 O ,  ueing as eluent the superior phase of n-butanol- 

-acetic a c i d r a t e r  A:l:5 V/V. After the elution and desiccation of the p la te ,  it 

was sprayed with ninidrin 1% i n  ethanol and heated a t  105" fo r  I @  min. 

2 A  

Thin layer Chromatography method b: was performed on.Kieselse1 GF 254 Merck 

using a s  eluent i-propanol-fonnia acid-water 40:2:10 V/V. After elution and desi-  

cation the p la te  was sprayed with ninidrin a6 before. 

Thin layer chromatograptq method c: ~ 8 8  obtained on K i e s e l p l  CF 254 r.Ierrk 

using as eluent n-butanol-acetone-trieth.vlamine-water 70:  70: 6:lq lJ/V ,wd nurqvin 

with ninidrin a s  indicated before. 

Thin layer chranatography method d: w a s  obtained on Yiefielpel F d C F  Verck 

t rea ted  with buffer pH 6.0 and desiccated 30 min a t  l o E o ,  usinp as eluer t 

i-propanol-fonnic acid-water 40:2:10 V/V and sprayjng w i t h  njrtidrjr; as irdicxted 

before. 

Paper chromatograph..: was performed on Whatman no4 u s i y  as eluor? t.he mne- 

r i o r  phase of n-butanol-ecetic acid-water A:1:5. V/V. After C h o u r s  nl' desw-dit;t- 
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chromatography, the paper was sprayed with NaOH O.5NI heated 20 min at  50:sprayed 

w a i n  with solution obtained from 24.5 g 12, 8 g KI and 200 m l  water and mixed 

with solution obtained fran 1 g starch in  100 m l  of water and 6 m l  of ace t i c  

acid: white spots on dark background. 

Chemical and biological analyses on the  ccmpound (V) were detenuined accor- 
(14) , ding C.F.R. of Food and Drug Administration and reported on anhydrous basis 

in comparison with an F.D.A. standard. 

D.L-a-aminouhsnylacetic acid-lJ4C (111. 

To a solution of 7.5 g of eodium cyanide (150 mole) and 1 m C i  of Ameraham 

CN i n  40 m l  of water were added R.85 g of amoniwn chloride (165 mole) and 14 
Na 

15.9 g of benzaldehyde (150 m o l e )  dissolved in  40 m l  of methanol. The solution 

was s t i r r e d  2 hours at X)-3O0, diluted with 100 m l  of water and extracted 

2 x 50 m l  of benzene. The benzene canbined phases were waehed 2 x 10 m l  of water 

and then extracted 2 x 40 m l  of H C 1  20% in water. The acid ex t rac ts  were re- 

fluxed 2 hours, diluted with 150 m l  of water and evaporated i n  vacuo at 50° t o  

90 ml. The solution was t rea ted  with coal, f i l t e r ed  and treated with NH OH 

32% W/V t o  pH 7. After 20 hours at 20° the so l id  product was f i l t e r ed ,  washed 

with water, dissolved in 60.ml of N NaOH and 15 m l  of methanol.The solution was 

again t rea ted  with coal, f i l t e r e d  ar'd treated a t  60° with HC1 20% in  water t o  

pH 6; a f t e r  cooling a t  20°, the  D,h-aminophenylacetic acid-1- C (11) was 

f i l t e r ed ,  washed with water, dried a t  50" (6.9 g ) ,  mp 265-8O, I R  bands a t  1610, 

1550, 1510, 1200, 1130, 1070, 1030, 920, 900, 850, 750, 730, 690 an-'. 

4 

14 

Only one spot in th in  layer chrmatography(method a Rf 0.30, method b Rf 0.75 

method c Rf 0.0, method d Rf 0.70). The product had SA 0.0364 rCi/mg in  HC1 N 

(a sample a f t e r  2 c rys ta l l iaa t iom from ethanol-water 1:l t o  constant spec i f ic  

ac t iv i ty  gave SA 0.0369 uCi/mg). 

Chemical y i e ld  3W,, radiochemical y ie ld  25.1%. 

14 
n-n-aminoohenvlacetic acid-1- C (111). 

D,h-aminophenylacetic acid-1- 
1P 

C (11) (6.8 g, 45 mmole) in 30 m l  of water 

w a s  treated w i t h  11.25 r: of D-camphorsulfonic acid monohydrate (45 m o l e )  at 

"O0 with s t i r r ing .  The hot solution wae f i l t e r ed ,  cooled at Oo and the solid 

nroduct was f i l t e r ed ,  washed w i t h  10 m l  of water and dried giving 5 g of D-cam- 

nhorsulfonate of D-a-aminophenylacetic acid-1J4C, p ] ~  -On0 4 in water. The 
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mother l iquor was treated with NaOH 3% i n  water t o  pH 7 at 40°, the eo l id  

product was f i l t e r ed ,  washed with water, dried giving 4.5 g of product which 

was refluxed 7 hours with 40 m l  of NaOH l w  i n  water, treated with HC1 2w 

i n  water t o  pH 7, cooled at Oo and f i l t e r e d  giving 4 g of D,h-aminophenylacetic 
14 

acid-1- C (11). From these 4 g of (111, by treatment with Ibcamphorsulfonic 

acid as indicated above, 3 g of D-osmphorsulfonate of D-a-aminophenylacetic acid- 

- d 4 C  were recovered,k)D - 4 3 O  

phenylacetic acid-1- C(8 g )  was dissolved in  30 m l  of water at  80° and t raa ted  

with NaOH 3% i n  water t o  pH 7.After 2 hours at 0' the solid product waa f i l t e -  

red and dried i n  vacuo d v i n g  2.9 g of (III), mp 247+1°, I R  bands at 1610, 1550, 

1510, 1200, 1130, 1070, 1030, 920, 900, 850, 750, 730, 690 an-', bjD -148' 7% 

in HC1 N/2. 

i n  water.&camphorsulfonate of &a-amino- 
14 

Only one spot i n  the th in  layer chrmatography(method a Rf 0.35, method b 

Rf O.eO,method c Rf O.O,method d Rf 0.70). The product had SA 0.0364 pCi/mg in 

l l C l  N(a sample a f t e r  3 c r y s t a l l i e a t i m f m  ethanol-water 1:l t o  constant 6pe- 

c i f i c  ac t iv i ty  gave SA 0.0353 pCi/mg). 

Chemical y ie ld  42.5%, radiochemical y ie ld  42.5%. 

Potassium salt of N-(l-ethoxycarbonylpropen-Z-yl)-&a-aminophenylacetic acid- 
14 

-1- c (IV). ' 

To a solution of 1.27 g of KOH 85y.(l9.3 mmole) in 20 m l  OF methanol, 

2.83 g of  k-aminophenylacetic acid-lY4C (111) (18.7 mmole) were added; the 

mixture was treated a t  hOo with 2.68 g of ethyl acetoacetate (20.6 mmole) d i sao l  

ved in 12 m l  of methanol. The solution was refluxed 20 min, evaporated in  vacuo 

t o  dryness and diluted w i t h  4 0  m l  of isopropanol at 20°. The so l id  product w a s  

f i l t e r ed ,  washed w i t h  10 m l  of isopropanol and dried in  vamo giving 4.25 g 

of (IT), mp 21A-ha, TR bands a t  3 3 0 0 ,  lh50, 1610, 1570, 1270, 1170, 1130, 1070, 

1060, 10'4, 1010, ?qO, %lo, 7P0, 730, 700, an 
-1 .klD + 1210 5% i n  water. 

Only one spot i n  the t h i n  layer chrotnatomaphy(method a Rf 0.40, method b 

"f O.''O, method c Rf0.0, method d R f  0.7ql.The product had SA 0.017 uCi/mg in 

w?ter(a sample af'ter 2 crystalliaa+.iors from methanol-i-propanol 1:lO t o  constant 

rpec i f ic  ac t iv i ty  rave SA 0.0175 pCi/mg). 

Chemical yield 75;. , radiochemical y ie ld  70.14- 
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6-(D-a- ino~henvlacetamido-l~~C)-uenicillanic acid tr ihydrate (V). 

To 30 m l  of acetone were added, at -40°, 4.2 g of (IV)(14 mole) and then 

1.63 g of e thyl  chlorooarbonate (15 mole), a f t e r  15 min at -40° 0.02 m l  of 

Nmethylmorpholine were added. !The suspension was s t i r r e d  a t  -40° fo r  30 min, 

and t rea ted  at -4OO with a solution obtained from 3.24 g of 6-aminopenicillanic 

acid (15 mole), 6.6 m l  of water, 2.1 m l  of triethylamine and 8.6 m l  of acetone 

and prsviously cooled at -2OO. The mixture was s t i r r e d  70 min at -40°, f i l t e r ed ,  

washed with 20 m l  of acetone. "he f i l t e r e d  solution was evaporated i n  vacuo at 

20° t o  20 m l ,  t rea ted  at 0' for 90 min with HC1 30% i n  water t o  pH 1, extracted 

2 x 10 m l  of chlorofonn. The aqueous phase was treated a t  Oo with NaOH 3 m  in  

water fo r  90 min t o  pH 4.5. After a night at  Oo,  the so l id  product was f i l t e r ed ,  

waded with water at Oo, dried at 40° i n  vacuo, giving 3.4 gof(V),humidity 

(Karl Fisher) 1 3 . 1 % r ~ ) D  + 296O 0.1% in water, iodanetric assay 9% of the 

standard, bioasew 10% of the  standard, mine  t i t r a t i o n  98% of the standard, 

acid t i t r a t i o n  lo& of the standard, I R  bands at 3400, 1780, 1690, 1610, 1590, 

1500, 1330, 1300, 1260, 1220, 1180, 1110, 700 an . -1 

C n l y  one spot i n  the th in  leyer chromatography with the erne Rf a s  ampicillin 

standerd(method a Rf 0.40, method b Rf 0.9, method c Rf 0.1, method,d Rf  0.85) 

and only one epot i n  the paper chromatography with Rf 0.50 as the standard. 

SA 0.0121 pCi/mg in H C 1  N(a sample a f t e r  3 c rys ta l l iza t iomfran  water gave 

SB 0.0125 pCi/mg). 

Chemical y i e ld  6 4 ,  radiochemical y ie ld  57.%. 
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