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Sumnary 

4-(N-benzoyl -L-tyrosyl )aminobenzoic acid, a diagnos i c  agen 

f o r  a pancreatic exocrine funct ion test ,  was labe l led  w i th  

carbonll4. The synthet ic procedure o f  4-(N-benzoyl-L-tyrosyl)- 

ami nobenzoi ~[carboxy-’  4C] ac id  (I ) and 4- (N-benzoyl [carbonyl -l 4C1- 
L‘-tyrosy1)aminobenzoic ac id  (11) i s  described. 

The overa l l  radiochemical y ie lds  f o r  ( I )  and (11) were 75.4% 

and 22.5% ,respectively . 
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Introduct ion 

4-(N-benzoyl-L-tyrosyl)aminobenzoic ac id  which comprises a sens i t i ve  peptide 

l inkage t o  t racer aminobenzoic acid was shown i n  r a t  t e s t  t o  possess considerable 

discr iminat ion f o r  i n  v ivo  chymotrypsin a c t i v i t y  when ingested ’) aad I t  has 

therefor been developed as a diagnostic agent f o r  a pancreatic exocrine func t ion  

tes t .  I n  order t o  study the metabolic, pharmacological and other biochemical 

aspects o f  t h i s  compound, i t s  radioact ive forms were required. We synthesized 

two kinds o f  14C-1 abel l e d  compounds, 4-(N-benzoyl -L-tyrosyl)aminobenzoic[carboxy- 

14C] ac id  and 4-(N-benzoyl [~arhonyl-~~C-J-L-tyrosyl )aminobenzoic acid. 
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Results 

Synthesis o f  4-(N-benzoyl-L-tyrosyl )aminobenzoic[carb~xy-~~CI ac id  (11 

deBenneville reported 4-(N-benzoyl-L-tyrosyl )aminobenzoic ac id  was eas i l y  

synthesized without racemization by the reac t ion  o f  the mixed anhydride of N- 

benzoyl-L-tyrosine w i th  p-aminobenzoic ac id  i n  the presence o f  a small amount of 

strong ac id  1). 

On the other hand, N-acyl-amino acids such as N-benzoyl-L-tyrosine general ly show 

tendency t o  racemize more o r  less  during peptide bond formation * I .  
Therefor, the labe l led  compound ( I )  was synthesized by a method s im i la r  t o  tha t  

described above, a f t e r  considerable invest igat ions especial ly t o  confirm i t s  op t ica l  

p u r i t y  (Scheme I ) .  

from co ld  experiments on the same scale. 

obtained was 75.4%. 

Table I shows the spec i f i c  ro ta t i on  o f  the products obtained 

The rad io  chemical y i e l d  o f  ( I )  thus 

Table I Speci f ic  r o t a t i o n  of the products i n  the co ld  experiments on the 

same scale 

a ] 25  ( C=l,DMF ) 

+85.8 
l it. 1 ] 

Scheme I 

HO@ CHZ-CHCO-N H QCOOH 
NI+@COO H @o-NH I 
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Synthesis o f  4-(N-benzoyl [~arbonyl -~~C]-L- tyrosyl  )aminobenzoic ac id  (11) 

The t i t l e  compound (11) was synthesized by the react ion o f  reac t ive  der iva t ive  

of ben~o ic [ ca rboxy -~~C]  ac id  w i th  L-tyrosyl-p-aminobenzoic acid since label1 ing  

of compounds i s  usual ly the most e f fec t i ve  a t  the f i n a l  step i n  the synthet ic 

route, As a agent f o r  ac t i va t i on  o f  benzo ic [~a rboxy -~~C]  acid mixed anhydride, 

Woodward reagent K 3)and DCC-HOSu 4, were i n i t i a l l y  t r i e d  but d i f f i c u l t y  was 

encountered i n  the p u r i f i c a t i o n  o f  the products. Another agent N,N’-carbonyl- 

di imidazole was then employed, and gave s a t i s f a c t o r i l y  pure product (Scheme 11). 

This provides a new method f o r  synthesizing the t i t l e  compound without racemi- 

zation. The resu l t s  o f  the cold experiments on the same scale are i n  Table 11. 

The overa l l  radiochemical y i e l d  was 22.5%. 

Table I1 Speci f ic  r o t a t i o n  o f  the products i n  the cold experiments 

on the same scale 

c 165 ( C=l, DMF) 
+86.6 
+83.0 
+89.5 

[ lit. 1) 3 
Scheme I1 

HO Q c ~ 2 - c  H-COO H H 3 - N 3  H O B C H 2 - C  H-CO 
(JH ‘? 

CL-COO CzHg’ @CHzO-CO CO-0- C2H5 
NH 

@ C H f l - k O  

HO@CHZCH-CO-NH@ C O ~ H  
I 

(111 
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Exper i menta 1 

Materials and Methods 

p-Aminobenzoi~[carboxy-~~C] acid(55 mCi/mnole) and benzoic[~arboxy-~~C] acid 

(60.1 mCi/mnole) were purchased from The Radiochemical Centre, Amersham, UK. 

T etrahydrofuran and dimethylformamide were dried over molecular sieve 4A. 

identity and purity of the labelled products were determined by thin-layer 

chromatography on silica gel(Kiese1 gel GF254, Merck). The solvents were 1) CHC13 

-EtOH-ACOH (90:5:5), 2) CHC13-iSOAmy10H-AcOH (50:50:1). 

The spots were detected by UV light(254nm) and a radiochromatogram scanner, 

Aloka model TLC-2B. 

Radioactivity was measured on a liquid scintilation spectrometry, using Aloka 

model LSC-601. 

4-(N-benzoyl -L-tyrosyl )aminobenzoi~[carboxy-~~Cl acid (I 

N-benzoyl-L-tyrosine(200 mg, 0.7 mole) was dissolved in tetrahydrofuran(2 ml) 

and the solution was cooled below -10". 7.7% N-methylmorphol ine in tetrahydrofuran 

(0.99 ml, 0.7nole) and 6.7% ethyl chloroformate in tetrahydrofuran(1 ml, 0.7 mole) 

were added with stirring. After 15 min a solution of p-aminobenzoic[carboxy- 

14C] acid (96 mg, 0.7mnole. 20 mCi) in tetrahydrofuran(2 ml) was added, a 

with a solution of p-toluenesulfonic acid monohydrate(l3.3 mg,0.07 mole) 

hydrofuran(2 ml). The mixture was stirred below -10" for 3 hr. After kept 

5" o vernight, the solvent was removed under reduced pressure and 0.2N-HCl 

ong 
in tetra- 

at 

7 ml) 

was added. The white precipitate was filtered, washed with water(5 ml) and ether 

( 3  ml). TLC indicated the product was to be radiochemically and chemically pure. 

The radiochemical yield and the specific activity were 15.08 mCi(75.4%) and 

79. 5 pCi/mg, respectively. 

L-tyrosyl -p-aminobenzoic acid 

Benzyloxycarbonyl-L-tyrosine(31.5 g, 0.1 mole) was dissolved in tetrahydrofuran 

(200 ml),the solution was cooled to -15",and N-methylmorpholine(l1 ml, 0.1 mole) 
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and e t h y l  chloroformate(lO,9g, 0.1 mole) were added. A f te r  15 min a so lu t i on  o f  

p-aminobenzoic acid(13.79, 0.1 mole) i n  tetrahydrofuran(50 ml) was added,along 

w i  t h  a so lu t ion  o f  p-toluenesulfonic ac id  monohydrate(l.9g. 0.01 mole) i n  te t ra -  

hydrofuran (10 ml) .  The mixture was s t i r r e d  a t  0 t o  -10' f o r  3 hr.  A f te r  kept 

a t  5' overnight, the mixture was poured i n t o  cold O.1N-HCl(3 1) and f i l t e r e d .  

Then hydrogenated i n  the presence o f  lO%Pd-C(l.Og.) i n  a mixture o f  MeOH(250 m l )  

and N-HCl(25 ml ) .  A f te r  5 h r  the ca ta l ys t  was f i l t e r e d  and N-NaOH(25 m l )  was 

added. T he solvent was removed under reduced pressure and rec rys ta l l i zed  from 

water. The y i e l d  was 15.09 (50 %). in p 170-174', [a];* t 85.0 ( C=l, N-NaOH). 

Anal.  Calcd. f o r  C16H16N2O4'3/2H20 : C,58.71; H,5.85 i N,8.56 . Found : C.58.99; 

H,5.82 ; N,8.45 . 

4- (N-benzoyl Ccarbonyl -l 4C1-L-tyrosyl )ami nobenzoi c ac id  ( I I ) 

A mixture o f  ben~oic[carboxy-'~C] acid(20.6 mg, 0.169 mnole,lO m C i )  and non- 

rad ioac t ive  benzoic acid(l01.4 mg, 0.83 m o l e )  was dissolved i n  tetrahydrofuran 

(2 ml ) .  To the so lu t ion  was added N,N'-carbonyldiimidazole(162 mg, 1 m o l e ) .  

A f te r  s t i r r i n g  a t  room temperature f o r  3 hr,cooled t o  -15', then a so lu t i on  o f  

L-tyrosyl-p-aminobenzoic acid(300 mg, 1 m o l e )  i n  dimethylformamide(4 m l )  was 

added. A f t e r  kept a t  -15' f o r  6 days the mixture was poured i n t o  O.1N-HCl(60 ml ) .  

The white p rec ip i t a te  was filtered,washed w i th  water(5 m l )  and ether(3ml). TLC 

ind i ca ted  the product was t o  be radiochemical ly and chemically pure. The rad io -  

chemical y i e l d  and the spec i f i c  a c t i v i t y  were 2.25 mCi(22.5X) and 23.4 pCi/mg, 

respect ively . 
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