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SUMMARY 

A new bi func t iona l  che la t ing  agent ,  (S)-1-(p- 
bromoacetami dobenzyl) e t h y l e n e d i n i t r i  l o t e t r a a c e t i c  a c i d ,  has 
been prepared from L-phenyla l a n i n e .  
che la t ing  agent with the Co(II1)  complex o f  the antitumor 
a n t i b i o t i c  bleomycin-A2DM was used t o  generate  a new 
d e r i v a t i v e  o f  Co(II1)-bleomycin, BLEDTA 11. The product 
can be radiolabeled quickly by binding a rad ioac t ive  metal 
i o n  t o  t h e  EDTA group. 
11 1 In-BLEDTA I I i n  t u m o r - b e a c n g c e  was determined and 
found t o  be ind is t inguishable  from t h a t  of the  c l i n i c a l l y  
useful 11lIn(III)-BLEDTA I complex ( J .  Med. Chem. 22: 
1019 (1979)) .  

Reaction of  the 

The i n  vivo d i s t r i b u t i o n  of 

Key Words: Bifunct ional  Chelating Agents, Cobalt, Bleomycin, Indium, 
Tumor Visua l iza t ion  

INTRODUCTION 

The ant i tumor a n t i b i o t i c  bleomycin has been shown t o  s e l e c t i v e l y  

concentrate  within the c e l l s  of  some cancers ( 1 ,  2 ) .  Recently we described 

the preparat ion of a c l i n i c a l l y  useful radiopharmaceutical, "BLEDTA",  which 

a l s o  l o c a l i z e s  i n  tumors ( 3 ) .  

coupling the terminal amine o f  Co(II1)-bleomycin-A2DM w i t h  an 

ethylenedinitrilotetraacetic a c i d  ( E D T A )  d e r i v a t i v e .  

i s  a powerful metal-chelat ing agent which i s  ab le  t o  form s t a b l e  complexes 

with a number of  metal ions ( 4 ) ,  BLEDTA I can be radiolabeled immediately 

before  use by combining i t  w i t h  a so lu t ion  containing a rad ioac t ive  metal 

ion. In vivo work w i t h  a tumor-bearing mouse model system and with human 

cancer  p a t i e n t s  has shown t h a t  the lllIn(III)-BLEDTA I che la te  accumulates i n  

BLEDTA (now denoted BLEDTA I )  was made by 

Because the EDTA group 
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n e o p l a s t i c  t i s s u e  and i s  a u s e f u l  d i a g n o s t i c  t o o l  f o r  de te rm in ing  b o t h  t h e  

s i z e  and l o c a t i o n  of  mal ignancies i n  cancer  p a t i e n t s  (4,  5 ) .  

Th i s  paper desc r ibes  t h e  s y n t h e s i s  and i n  v i v o  c h a r a c t e r i s t i c s  o f  a 

r e l a t e d  bleomycin analog, BLEDTA 11, which i s  prepared as o u t l i n e d  i n  F i g u r e  1.  

The c h e l a t i n g  p o r t i o n  of BLEDTA I 1  i s  much e a s i e r  t o  prepare than t h e  r e l a t e d  

EDTA d e r i v a t i v e  used t o  make BLEDTA I .  The " b i f u n c t i o n a l  c h e l a t i n g  agent"  used 

t o  syn thes i ze  BLEDTA 11, (S)-1-(  p-bromoacetamidobenzyl ) e t h y l e n e d i n i  tri l o t e t r a -  

a c e t i c  ac id ,  was prepared from L-phenyla lan ine.  

The syn thes i s  of  c h e l a t i n g  agents f rom amino a c i d s  was r e c e n t l y  desc r ibed  

by Yeh e t  a l .  (6)  and o f f e r s  seve ra l  advantages o v e r  t h e  p rev ious  method o f  

p repar ing  c h e l a t i n g  agents (13).  

w i t h  r e t e n t i o n  o f  s te reochemis t r y  about  t h e  asymmetr ic carbon and can o r i g i n a t e  

f rom an i n t e r e s t i n g  v a r i e t y  o f  a v a i l a b l e  s t a r t i n g  m a t e r i a l s .  

t h e  " ~ I n ( I I 1 )  complexes o f  c h e l a t i n g  agents prepared f rom amino a c i d s  e x h i b i t  

t h e  same low  r a t e s  o f  me ta l  i o n  l o s s  shown by o t h e r  EDTA d e r i v a t i v e s  c o n t a i n i n g  

a s u b s t i t u e n t  on an e t h y l e n e  carbon o f  EDTA ( 7 ) .  

The new s y n t h e t i c  r o u t e  i s  s i m p l e r ,  proceeds 

I n  human serum 

MATERIALS AND METHODS 

Chemical Procedures. Reagents. 

L -pheny la lan ine  was purchased f rom Sigma. Blenoxane (b leomycin s u l f a t e )  

was generously  p r o v i d e d  by O r .  W. T. Bradner o f  B r i s t o l  Labora to r ies .  C a r r i e r  

f r e e  '111nC13 ( i n  0.05 N HC1, 0.9% NaC1) was purchased f rom Medi-Physics,  

Emeryv i l l e ,  CA,  and was p u r i f i e d  as desc r ibed  p r e v i o u s l y  (8) .  

mon i to red  e i t h e r  a t  254 nm ( 1 - ( p - n i t r o b e n z y l )  EOTA p r e p a r a t i o n )  o r  a t  280 nm 

(b leomycin and b leomycin d e r i v a t i v e s ) .  AG-50 and AG-1 i o n  exchange r e s i n s  

were purchased f rom Bio-Rad, and Sephadex C-25 and A-25 i o n  exchange r e s i n s  

were f rom Phamacia;  l i n e a r  g r a d i e n t s  were used th roughou t .  

t e t r a h y d r o f u r a n  complex was f rom A l d r i c h .  

Columns were 

Borane- 

High-pressure l i q u i d  chromatography 
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was r u n  on a Waters 3.9 m m  x 30 cm C18 v-bondapak column w i t h  1% l i n e a r  

aqueous ammonium a c e t a t e h e t h a n 0 1  (6:4,  v :v)  as  t h e  so lvent .  Thin-layer 

chromatography (TLC) was run on Merck s i l i c a  gel 60 o r  60F p l a t e s  developed 

in  solvent  1 ,  (95% &hanol:6.5 M NH40H, 4:l v:v) o r  so lvent  2 (10% (w/v) 

aqueous NH40AC:methanol, 1 :1 , v:v) .  

throughout and labware was acid washed t o  avoid heavy metal contamination 

( 9 ) .  

and were within 0.4% of t h e  theore t ica l  value.  FT H NMR (360 MHi) spec t ra  

were taken by Dr. Richard R .  Anderson using a Nicolet  instrument a t  the  U C D  

Magnetic Resonance F a c i l i t y .  Chemical shif ts  were reported r e l a t i v e  t o  HDO 

( 6  4.8 ppm). 

Doubly d i s t i l l e d  water was used 

Elemental analyses were performed by Galbrai th  Analyt ical  Labs, Inc . ,  
1 

CH3CH2SH was purchased from Eastman and was d i s t i l l e d  before  use. 

Co( 111)-Bleomycin A 2  
- 

The o r i g i n a l  procedure f o r  preparat ion of  Co( 111)-bleomycins (3) was 

modified so t h a t  most o f  t h e  Co(II1)-bleomycin could be i s o l a t e d  a s  the  

thermodynamically s t a b l e  orange Co( 111)-bleomycin isomer. 

The contents  of 19 v i a l s  of the commercially a v a i l a b l e  mixture of  

bleomycin (Blenoxane) were dissolved i n  10 ml o f  H20; t h e  concentrat ion of  

bleomycin was determined by reading t h e  absorbance o f  the  s o l u t i o n  a t  292 nm, 

u s i n g  amolar  e x t i n c t i o n  c o e f f i c i e n t  o f  1.5 x l o 4  M - ~  cm-' (10) .  

which contained 105 umol of bleomycin, was d i l u t e d  t o  22 m l  and 1 . 1  m l  o f  a 

0.10 M CoC12 so lu t ion  was added ( r a t i o  of  Co(II)/bleomycin = 1 . 0 5 ) .  

adding approximately 30 v1 of 6 M NaOH, t h e  pH of t h e  s o l u t i o n  was adjusted 

t o  7.0. 

b o t t l e  containing t h e  so lu t ion  was t h e n  sealed and l e f t  i n  a 50°C bath f o r  

18 h .  

This s o l u t i o n ,  

By 

O2 was bubbled through t h e  s o l u t i o n  f o r  3 m i n ;  t h e  60 m l  nalgene 

The dark green-brown so lu t ion  and 5 ml of  H20 ( r i n s e )  were t r a n s f e r r e d  

t o  a 100 ml roundbottom f l a s k  with a re f lux  condenssr. The so lu t ion  was 
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heated a t  110°C f o r  3 h .  

cm Sephadex C-25 column ( N H 4  form) and eluted w i t h  a 1 II gradient of 0.1 M t o  

0.5 M ammonium f o n a t e ,  pH 6.5. 

8 m l  fractions were collected. The column was r u n  a t  4OC. Figure 2A shows 

the absorbance a t  452 nm of every th i rd  fraction. The yield of pure orange 

Co(II1)-bleomycin A2 was determined by reading the absorbance of a solution a t  

452 nm and using a molar extinction coefficient of 214 M-l cm-l (3) ;  t h i s  

indicated 44 pmol of orange Co(II1)-bleomycin A 2  (42% y ie ld ) .  

The result ing orange solution was applied t o  a 1 x 70 
t 

The flow ra te  of the column was 0.9 ml/min; 

Co(II1)-Bleomycin A2Y 
- 

Co(II1)-bleomycin A2DM was prepared from Co(II1)-bleomycin A2 by 

reaction with a mercaptide u s i n g  our  published procedure ( 3 ) .  

was used instead of methyl mercaptide because i t  was easier t o  handle; 

presumably, other mercaptides could a l so  be used. Start ing with 30.8 mol of 

Co(II1)-bleomycin A 2 ,  the yield was 21.7 pmol (70%) o f  Co(1II)-bleomycin A2DM. 

Ethyl mercaptide 

(S)-p-Nitrophenylalanine 

p-Nitrophenylalanine was prepared by the Beilstein procedure (11 ) .  10.0 g 

(60.6 mmol) of L-phenylalanine was dissolved i n  16 ml of concentrated 

H2S04 (95-98%) a t  0°C. 

0°C as 3.0 ml of 90% HN03 was added dropwise w i t h  magnetic s t i r r ing .  After 

standing a t  O°C for  10-15 m i n  following the addition of HN03, the solution 

was poured over 200 ml of ice  and subsequently diluted t o  700 ml w i t h  H20. 

The solution was then heated t o  boiling and neutralized with Pb(C03)2 

(80 g ,  0.24 mnol). 

H2S(g) t o  prec ip i ta te  Pb 

reduced t o  1/3 i t s  volune by rotary evaporation. 

precipitated and was collected by f i l t r a t i o n  and washed with 95% ethanol. 

The temperature of the solution was maintained a t  

This mixture was f i l t e r e d  and  the supernatant treated w i t h  

. After a second f i l t r a t i o n  the solution was 2t 

p-nitrophenylalanine 
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BLEDTA IIb 

Figure 2. Column Elution Profiles. 

a. Isolation of orange Co(II1)-bleomycin A2 by elution from 

a 1 x 70 cm Sephadex C-25 column, NH4 A gradient 

o f  0.1 M to 0.5 M NH402CH, pH 6.5, was used (diagonal line). 

The peaks corresponding to Co(II1)-bleomycin A2 and B 2  

are shown. The column was run at 4°C. 

Purification of BLEDTA I1 by elution from a 1 x 45 cm 

Sephadex A-25 column, acetate form. 

NH402CH, pH 8, was followed by 500 ml gradient of 0.01 M to 

0.3 M NH402CH, pH 8 (diagonal line). The column was run at 

4°C. 

t form. 

b. 

A wash with 0.01 M 
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F igu re  3. Syn thes i s  o f  1 -(p-brornoacetamidobenzyl) EDTA from p - n i t r o p h e n y l -  

a1Rnine. The overall y i e l d  was 8.7%. 
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Following r e c r y s t a l l i z a t i o n  from boi l ing  H20, the y i e l d  was 6.36 g (55%).  

Using solvent 1, the product had an Rf of  0.58. 

(S)-p-Nitrophenylalanine methyl e s t e r  

The methyl ester of p-ni t rophenylalanine was prepared by reac t ion  i n  HC1- 

sa tura ted  methanol a s  previously described ( 6 ) .  

had an Rf  of 0.78. 

Using so lvent  1 ,  t h e  product 

Yield was 90-95%. 

(S)-p-Nitrophenyl a lan ine  amide 

The amide was prepared from the e s t e r  hydrochloride by reac t ion  i n  NH3- 

sa tura ted  methanol ( 1 2 ) .  

r o t a r y  evaporat ion,  p-ni t rophenylalanine amide hydrochloride was r e c r y s t a l l i z e d  

from absolute  e thanol .  Yield was 3.5 g (90%).  

and had an Rf  o f  0.78 with so lvent  1 ,  and an R f  of 0.70 w i t h  solvent  2. 

After  taking the reac t ion  mixture t o  dryness by 

The product melted a t  235°C 

( S ) - 1  -(p-Nitrobenzyl )ethylenediamine 

1.50 g o f  p-nitrophenylalanine amide hydrochloride was dissolved i n  75 ml 

of THF and  reduced with BH3*THF ( 6 ) .  

taken u p  i n  H20 and pur i f ied  by chromatography on an AG-50 column (H' form, 

0.7 x 18 cm) with a 0 t o  7 M HC1 gradien t .  

HC1 and was lyophi l ized.  

solvent  2. 

The reac t ion  mixture was taken t o  dryness, 

The product was e lu ted  w i t h  6-7 M 

The diamine dihydrochlor ide had an Rf  of  0.50 i n  

Yield was 1 .0  g (70%) Anal. (CgH15C12N302), C ,  C1, H, N .  

(S)-bNitrobenzy1) EDTA 

A sample of 0.40 g of the diamine dihydrochlor ide was carboxymethylated 

with bromoacetic a c i d  i n  a l k a l i n e  s o l u t i o n  a s  descr ibed ( 6 ) .  

531 mg (75%).  

(C17H21N101q*5/2 H20) C ,  H, M.  

Yield was 

On TLC with solvent  2 ,  t h e  Rf of the product was 0.78. Anal. 
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(S)-(p-Bromoacetamidobenzyl) EDTA 

(S)-p- (Aminobenzyl) EDTA was prepared by reduc t i on  o f  (S)-(p-ni t robenzy l )  

EDTA as repo r ted  e a r l i e r  ( 3 ) .  

d i sso l ved  i n  500 v l  o f  H20 and the bromoacetamido compound prepared as 

descr ibed f o r  1-(p-bromoacetamidophenyl) EDTA ( 3 ) .  Y i e l d  was 32.07 mg 

(61.8 vmol ; 20.4%) of p r e c i p i t a t e d  (p-bromoacetamidobenzyl) EDTA. 

l i q u o r  was n o t  worked f o r  a second crop. 

w i t h  an Rf o f  0.96; t h i s  spot was 4 - (p -n i t robenzy l )  p y r i d i n e  p o s i t i v e  (20) 

and quenched f luorescence. 

120 mg (303.5 vmol) o f  (p-pminobenzy1)EDTA was 

The mother 

TLC w i t h  so l ven t  2 showed one spot 

BLEDTA-I1 

The cond i t i ons  f o r  t h e  coupl ing r e a c t i o n  were s i m i l a r  t o  those described 

f o r  BLEDTA I (3).  

(S)-(p-bromoacetamidobenzyl) EDTA were c m b i  ned w i t h  aqueous s o l u t i o n  w i t h  a 

f i n a l  volume o f  1.87 m l .  

a d d i t i o n  of 20 v l  of 6 M NaOH and 5 u l  of 12 M HC1. 

t o  proceed a t  room temperature and was monitored by HPLC. 

system used, product and f r e e  che la te  were e l u t e d  i m e d i a t e l y ,  wh i l e  

Co(II1)-bleom.ycin A2DM was r e t a i n e d  s l i g h t l y .  

m ix tu re  was adjusted t o  8.2 and the m ix tu re  was app l i ed  t o  a Sephadex A-25 

column. 

pH 8, f o l l owed  by a 500 m l  grad ien t  o f  0.01 M t o  0.3 M NH402CH pH 8. 

column wash and g rad ien t  were done a t  4°C. 

o t h e r  f r a c t i o n  was determined. 

shown i n  F igure 28. 

f o r  two days t o  remove so l ven t  and excess s a l t .  TLC w i t h  so l ven t  1 o f  t he  

product gave one spot w i t h  an Rf o f  0.46; autoradiography o f  a TLC p l a t e  o f  

t he  l l l I n ( I I I )  che la te  o f  the product showed on ly  one soot w i t h  an Rf o f  0.4. 

6.18 umol of Co(II1)-bleomycin A2DM and 61.8 pmol o f  

The pH of t he  s o l u t i o n  was adjusted t o  4.4 b y  the  

The r e a c t i o n  was al lowed 

With the  HPLC 

A f t e r  6 h t h e  pH o f  the r e a c t i o n  

The column (1  x 45 un) was f i r s t  washed w i t h  150 m l  o f  0.1 M NH402CH, 

The 

The absorbance a t  452 nm of every 

The product was e l u t e d  w i t h  0.08 M NH4G2CH, as 

Fract ions con ta in ing  oroduct were pooled and l y o p h i l i z e d  
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As shown i n  F igure 4, t he  360 MHz Droton NMR spectrum o f  t he  product 

contained an ab p a t t e r n  centered a t  7.15 ppm, corresponding t o  the aromatic 

protons on t h e  benzyl-EDTA moiety .  

proton resonance (3.1 ppm) confirmed t h a t  t h e  te rm ina l  amine t h i o e t h e r  had 

been a l k y l a t e d  t o  g i v e  a sulfonium ion .  

The p o s i t i o n  o f  the te rm ina l  amine methyl 

Y i e l d  o f  t he  product, BLEDTA 11, was determined t o  be 2.83 pmol (46%) by 

reading the absorbance o f  a s o l u t i o n  a t  452 nm and us ing  a molar e x t i n c t i o n  

c o e f f i c i e n t  o f  214 M - l  cm-l (3 ) .  

Preparation o f  lllIn(III)-BLEDTA I 1  b. 

50 u l  o f  1-2 m C i  o f  '111nC13 i n  0.01 M HC1 was added t o  an equal volume 

o f  0.5 m M  BLEDTA 11. 

n e u t r a l i z e  the  s o l u t i o n .  P r i o r  t o  i n j e c t i o n ,  t he  s o l u t i o n  was d i l u t e d  

A f t e r  vor tex ing,  50 ~1 o f  0.1 M NaHC03 was added t o  

w i t h  s a l i n e  and s t e r i l i z e d  by f i l t r a t i o n  as p rev ious l y  described ( 3 )  

D i s t r i b u t i o n  i n  Tumor-Bearing Mice 

A f t e r  i n j e c t i o n  o f  each rad io labe led  compound i n t o  the  t a i l  ve ins o f  

s p e c i a l l y  prepared BALB/c mice, t he  organ d i s t r i b u t i o n  and tumor uptake o f  

r a d i o a c t i v i t y  were determined by methods described elsewhere (13). 

RESULTS AND DISCUSSION 

Chemistry 

F igure 3 summarizes the  preparat ion o f  the b i f u n c t i o n a l  c h e l a t i n g  agent 

1 -(p-bromoacetamidobenzyl) EDTA. 

carbon i s  r e t a i n e d  throughout t h e  synthesis; t h i s  i s  impor tant  because 

s tereochemical ly  pure compounds are va luable as probes o f  b i o l o g i c a l  systems. 

As described by Yeh e t  a l .  (6) s u b s t i t u t i o n  o f  a pr imary amine f o r  NH3 i n  

the p repara t i on  o f  the amide i s  an e f f e c t i v e  method f o r  syn thes i z ing  many 

The c o n f i g u r a t i o n  about the asymnetric 
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ICO, 

B 

C 

* *  

i 
F i g u r e  4. Aromat ic  r e g i o n  o f  t h e  360 MHz p r o t o n  NMR soectrum o f  BLEDTA 11, 

taken  a t  a pH m e t e r  r e a d i n g  o f  4.9. The peak due t o  fo rma te  i o n  

( f r o m  t h e  l a s t  column chromatography) i s  i n d i c a t e d .  Resonances 

( A )  and (D) a r e  ass igned  t o  t h e  p ro tons  on C2 and C4, r e s p e c t i v e l y ,  

o f  t h e  B - h y d r o x y h i s t i d i n e  r e s i d u e .  Peak ( B )  i s  ass igned t o  t h e  

p r o t o n  o n  t h e  t h i a z o l e  r i n g  neares t  t h e  t e r m i n a l  amine. 

i s  ass igned t o  t h e  p r o t o n  on t h e  t h i a z o l e  r i n g  ad jacen t  t o  t h e  

L - th reon ine  r e s i d u e .  

r i n g  o f  t h e  c h e l a t i n g  agent  a r e  i n d i c a t e d  w i t h  a s t e r i s k s .  

resonances a r e  ass igned  i n  acco rd  w i t h  NMR s t u d i e s  of  

b leomyc ins  (19 )  and metal  lob leomvc ins  (22-24) .  

Peak ( C )  

The resonances o f  t h e  p - s u b s t i t u t e d  benzene 

The 
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d i f f e r e n t  che la t ing  agents from a s i n g l e  amino ac id .  

The synthes is  of BLEDTA I 1  i s  o u t l i n e d  i n  Figure 1 .  The s t r u c t u r e  of 

bleomycin A2 i s  shown i n  d e t a i l ;  the terminal amine moiety is  underlined. 

Coordination of Co( 111) i n  the i n t r i n s i c  metal-binding s i t e  of  bleomycin protects  

the  8-aminoalanine and B-hydroxyhistidine residues from reac t ion  with the 

a lkyla t ing  bifunct ional  che la t ing  agent 1 -(p-bromoacetamidobenzyl) EDTA, and 

a l s o  prevents non-specific binding o f  t h e  metal ion during the rad io labe l ing  

s t e p .  Because of i t s  d e l e c t r o n i c  conf igura t ion ,  t h e  Co(II1) ion i s  i n e r t  t o  

l igand exchange (14)  and i s  not t r a n s f e r r e d  t o  the EDTA moiety of the f i n a l  

product, BLEDTA 11. 

described ( 3 ,  15,  1 6 ) ;  the thermodynamically more s t a b l e  orange Co(II1)  complex 

was used throughout the  synthesis  of BLEDTA 11. 

6 

Two d i f f e r e n t  Co(II1) bleomycin complexes have been 

The Co( 111)-bleomycin A2 complex was i s o l a t e d  by cation-exchange 

chromatography, as Figure 2A shows, and demethylated by reac t ion  of the 

terminal amine sulfonium ion with a mercaptide. 

by preparing the mercaptide so lu t ion  immediately before t h e  demethylation 

reac t ion ;  mercaptide so lu t ions  t h a t  had been s tored  desiccated f o r  only a few 

days a t  -70°C were found t o  give undesirable  products. 

ethylmercaptide, which had been s tored  desiccated a t  4 O C  u p  t o  2 days, was 

s t i l l  r e a c t i v e  without generating s i d e  products. 

Side reac t ions  were avoided 

Sol id  sodium 

The 8-hydroxyhistidine and pyrimidine res idues  a r e  coordinated t o  the  

Co(II1) ion ;  the proton resonances corresponding t o  them a r e  s h i f t e d  down- 

f i e l d  upon f o m a t i o n  of brange CO( 111) bleomycin, and the  h i s t i d i n e  imidazole 

resonances (pk, = 5.0 ( 2 1 ) )  cannot b e  t i t r a t e d  between a pH meter reading of 

3 .1  and 7.9 (unpublished d a t a ) .  

Demethylation of  Co(II1)-bleomycin A2 i s  accompanied by a s p l i t t i n g  of 

the h i s t i d i n e  imidazole and pyrimidine methyl proton resonances (Figure 4 

a n d  r e f ,  ( 3 ) ) ,  which suggests  t h a t  orange Co(II1)-bleomycin A2DM i s  a mixture 

of compounds d i f f e r i n g  i n  the  coordinat ion of  l igands about C o ( I I 1 ) .  As 
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discussed p rev ious l y ,  t h e  mercaptide i s  n o t  coord inated t o  Co(II1) 

( 3 ) .  

o f  i somer i za t i on  o f  bleomycin has occurred cannot be e n t i r e l y  e l iminated.  

Another p o s s i b i l i t y  would be displacement o f  an oxygen-containing l i g a n d  (e.g. 

t he  carbamoyl carboxyl group) by OH- geverated when the mercaptide r e a c t i o n  

m ix tu re  i s  app l i ed  t o  the c a t i o n  exchange column. 

orange 57Co-bleomycin A2DM have shown t h a t  i t s  organ d i s t r i b u t i o n  i s  

i n d i s t i n g u i s h a b l e  from t h a t  of orange 57Co-bleomycin A2. Therefore, t he  

s t r u c t u r a l  change which i s  mani fested i n  the NMR spectrum does n o t  appear t o  

a f f e c t  t he  b i o l o g i c a l  t r a n s p o r t  p r o p e r t i e s  o f  t he  molecule. 

The f i n a l  step i n  the  p repara t i on  o f  BLEDTA I 1  i s  a l k y l a t i o n  o f  Co( I I1 ) -  

The e l u t i o n  p r o f i  l e  

Due t o  t h e  b a s i c i t y  o f  t h e  mercaptide, t h e  p o s s i b i l i t y  t h a t  ep imer i za t i on  

I n  v i v o  s tud ies  i n  mice w i t h  

b l  eomycin A2DM w i t h  ( S ) - 1  - (  p-bromoacetamidobenzyl ) EDTA. 

o f  t h e  Sephadex A-25 column i s  shown i n  F igure 2B. 

i d e n t i f i e d  by i t s  a b i l i t y  t o  che la te  l l l I n ( I I I )  and i t s  360 MHz NMR spectrum 

(F igu re  4 ) .  The l a t t e r  shows, i n  a d d i t i o n  t o  the  resonances associated w i t h  

Co( 111) bleomycin, an ab p a t t e r n  associated w i t h  the  p -subs t i t u ted  benzene 

r i n g  o f  the b i f u n c t i o n a l  c h e l a t i n g  agent. As w i t h  BLEDTA I ,  the methyl 

resonance associated w i t h  the te rm ina l  amine s u l f u r  i s  a t  3.1 ppm, which 

i n d i c a t e s  format ion o f  a sulfonium i o n  ( 3 ) .  Previous work (3 )  has shown t h a t  

Co( 111)-bleomycin B2, which d i f f e r s  from Co( 111)-bleomycin A2DM on ly  i n  the  

" te rm ina l  amine" group, i s  n o t  a l k y l a t e d  a t  a l l  under these cond i t i ons ;  t h i s  

provides f u r t h e r  evidence t h a t  on l y  the  te rm ina l  amine t h i o e t h e r  group o f  

Co( I I1) -b leomycin A2DM reac ts  w i t h  ( S ) -  1-(p-bromoacetamido benzy l )  EDTA. 

The product was 

It i s  worth emphasizing t h a t  t h e  f i n a l  product, BLEDTA 11, conta ins a 

n o n - l a b i l e  Co( I I1 )  i o n  coordinated t o  the  metal b ind ing  s i t e  o f  t h e  bleomycin 

h a l f  o f  t he  molecule, and a f r e e  (non-coordinated) EDTA group coupled t o  the  

te rm ina l  amine o f  bleomycin. This i s  shown i n  F igure 3. Coord inat ion t o  

Co( I I1 )  enhances the accumulation of bleomycin i n  E h r l i c h  asc i tes  tumors i n  
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mice (17) ,  and may have a s i m i l a r  e f f e c t  on the  concentrat ion o f  bleomycin i n  

o the r  types of malignancies. Transfer o f  Co(II1) from t h e  meta l  b ind ing  s i t e  

of bleomcyin t o  the EDTA moiety  i s  u n l i k e l y .  

w i t h  57Co-bleomycin, Kono e t  a l .  (17) and Eckelman e t  a l .  (18) showed t h a t  

Co( I I1 )  does n o t  exchange; the  r e s u l t s  o f  our  i n  v i v o  s tud ies  demonstrate t h a t  

l l ' I n ( I I I )  must be b ind ing o n l y  t o  the EDTA mo ie ty  o f  BLEDTA I: ( 3 ) .  

I n  EDTA chal lenge experiments 

Because the che la t i ng  moiety  o f  BLEDTA I 1  was prepared s t e r e o s p e c i f i c a l l y  

from L-phenylalanine, BLEDTA I 1  d i f f e r s  f rom BLEDTA I stereochemical ly .  Both 

BLEDTA I and BLEDTA I1  are m ix tu res  of  stereoisomers a t  t he  sulfonium i o n  

s u l f u r ,  generated by the a l k y l a t i o n  reac t i on .  However, t he  c h e l a t i n g  group 

o f  BLEDTA I i s  a l so  a m ix tu re  o f  two stereoisomers, racemic w i t h  respect  t o  

the  asymmetric carbon. 

w h i l e  a BLEDTA I 1  p repara t i on  conta ins o n l y  one p a i r  o f  diastereomers. 

accord w i t h  t h i s ,  the NMR spectrum of BLEDTA I 1  (F ig .  4) i s  s impler  than t h a t  

o f  BLEDTA I ( 3 ) .  B i o l o g i c a l  systems can be e x q u i s i t e l y  s e n s i t i v e  t o  molecular  

con f igu ra t i on ,  b u t  ' l l I n (  111)-complexes of BLEDTAs I and I1 have i d e n t i c a l  

_ -  i n  v i vo  d i s t r i b u t i o n s  i n  mice (nex t  s e c t i o n ) .  

neoplasms i s  n o t  s e n s i t i v e  t o  the  c h i r a l  cen te r  i n  the EDTA moiety .  

Thus a BLEDTA I prepara t i on  conta ins 4 stereoisomers, 

I n  

Therefore concentrat ion i n  

I n  Vivo Studies i n  Tumor-bearing Mice 

BALB/c mice w i t h  "KHJJ" tumor implanted i n  the  f l a n k  were i n j e c t e d  w i t h  

lllIn(III)-BLEDTA 11. 

abscess i n  the  opposi te  f l a n k .  

tumor uptake o f  r a d i o a c t i v i t y  i n  the mice; r e s u l t s  o f  a s i m i l a r  experiment 

w i t h  l l l I n ( I I I )  BLEDTA I are  shown f o r  comparison, s ince t h i s  compound 

has been found t o  have c l i n i c a l l y  use fu l  t u m o r - l o c a l i z i n g  p r o p e r t i e s  ( 3 ,  5 ) .  

Each o f  these mice a l so  had a turpent ine- induced 

F igure 5 shows the  organ d i s t r i b u t i o n  and 
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According t o  Figure 5,  t h e  i n  vivo d i s t r i b u t i o n s  of r a d i o a c t i v i t y  24 h 

a f t e r  i n j e c t i o n  of "'lIn-BLEDTA I and I 1  a r e  near ly  i d e n t i c a l .  Because the 

two compounds d i f f e r  only by an e x t r a  methylene group i n  the terminal amine 

of BLEDTA I 1  (Figure l ) ,  t h i s  result i s  not s u r p r i s i n g ,  and demonstrates 

t h a t  the more e a s i l y  synthesized BLEDTA I1 i s  a useful  d iagnos t ic  radio-  

pharmaceutical. 

Cl in ica l  s t u d i e s  with lllIn(III)-BLEDTA I1 have just  begun. Because the  

l l l I n ( I I I )  che la tes  of t h e  two BLEDTAs have i d e n t i c a l  -- i n  vivo d i s t r i b u t i o n s  

i n  mice, i t  i s  l i k e l y  t h a t  the c l i n i c a l  r e s u l t s  obtained w i t h  l l l I n ( I I I ) -  

BLEDTA I1  w i l l  be s i m i l a r  t o  those reported f o r  lllIn(III)-BLEDTA I ( 5 ) .  

I n i t i a l  s t u d i e s  with human p a t i e n t s  a r e  i n  agreement with this  expectat ion 

(0 .  A .  Goodwin e t  a l . ,  unpublished r e s u l t s ) .  

Recent evidence suggests  t h a t  t h e  BLEDTA terminal amine sulfonium group 

may be ac t ing  as  a weak a l k y l a t i n g  agent  i n  v ivo,  t r a n s f e r r i n g  t h e  rad ioac t ive  

che la te  moiety t o  a nucleophi le .  

o f  t h e  i n j e c t e d  dose) , b u t  p e r s i s t e n t  background r a d i o a c t i v i t y  found 

associated s p e c i f i c a l l y  with polymorphonuclear leukocytes a f t e r  i n j e c t i o n  

o f  ' l 1 I ~ (  111)-BLEDTA, b u t  not a f t e r  i n j e c t i o n  of 57Co( 111)-bleomycin. 

This r e a c t i v i t y  may explain the small ( 2 %  

If  the sulfonium group o f  BLEDTAs I a n d  I1  i s  ac t ing  a s  an a lkyla t ing  

agent i n  v ivo,  i t s  e l imina t ion  should lower the  l e v e l s  of  background 

r a d i o a c t i v i t y .  

sulfonium group: 

preparat ion o f  a new B L E D T A  v i a  Co( 111)-bleomycinic ac id .  

We a r e  t r y i n g  two approaches t o  making a BLEDTA without a 

demethylation of the sulfonium group o f  BLEDTA 11,  and 

CONCLUSIONS 

Versa t i le  probes o f  biological  systems can be prepared by coupling 

The r e s u l t s  of  b io logica l ly  i n t e r e s t i n g  molecules t o  che la t ing  agents .  

c l i n i c a l  s t u d i e s  done with the  l l l I n ( I I I )  che la tes  o f  B L E D T A  I and B L E D T A  I1  
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demonstrate the poten t ia l  of t h i s  approach f o r  prac t ica l  appl i c a t i o n s .  

The technique i s  not l imi ted  t o  the  preparat ion of '"In radiopharmaceuticals; 

i t  can be used t o  t a g  molecules w i t h  a v a r i e t y  of o t h e r  metal ions having 

useful physical p roper t ies .  
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