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SUMMARY 

14 
2.9-[ 

thylation of 2-methyl-1,lO-phenanthroline with [ C]methyllithium followed by 

oxidation. The specific activity of the synthesized and purified 2,9-[ 

thyl-1,lO-phenanthroline was1.78 mCi/mmol. The overall radiochemical yield was 

59%. 

67Cu was produced by a-bombardment of 64Ni. 

CIDimethyl-1,lO-phenanthroline was prepared by means of a nucleophilic me- 

14 

14 Cldime- 

14 Key Words: 2,9- [ C] dimethyl-1 , 10-phenanthroline, 67Cu, copper (I) complex, Myco- 

plasma gallisepticum. 

INTRODUCTION 

The copper(1) complex of 2,9-dimethyl-l,lO-phenanthroline is known to exhibit a 

strong growth inhibitory effect on Mycoplasma gallisepticum, a micro-organism 

which causes chronic respiratory disease in poultry (1, 2 ) .  
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Materials  

Lithium 

Small p ieces  of l i t h i u m  w i r e  were f l a t t e n e d  with a hammer t o  en large  t h e  sur face  

and thoroughly cleaned by r i n s i n g  i n  e t h e r ,  methanol, te t rahydrofuran and pentane 

respec t ive ly .  

[' 4C]Methyl iodide 

[14C]Methyl iod ide  (10 m C i )  wi th  a s p e c i f i c  a c t i v i t y  of  58 mCi/mol w a s  obtained 

from t h e  Radiochemical Centre, Amersham. 

2-Methy1-1,lO-phenanthroline (7 )  

To a s t i r r e d  s o l u t i o n  of 3.6 g of s i n t e r e d  1,lO-phenanthroline (20 mmol ) i n  60 

ml of anhydrous THF and 100 m l  of anhydrous e t h e r  a t  Oo, 15 ml of a 1.6 M solu- 

t i o n  of methyllithium i n  e t h e r  w a s  added dropwise under a n i t rogen  atnosphere. 

S t i r r i n g  w a s  continued f o r  2% hours a t  a temperature of 0-10'. After  hydro lys is  

and oxidat ion with a concentrated s o l u t i o n  of KMnO i n  acetone t h e  product w a s  

d i s t i l l e d  i n  a sublimation apparatus  a t  150-190°/0.5 mm, g iv ing  3.85 g o f  a 

yellow viscous o i l  and subsequently c r y s t a l l i z e d  twice from ether /p .e .  40-60. 

Exposed t o  a i r  t h e  t ransparent  c r y s t a l s  turned opaque because of hydrate  for-  

mation. M.p. 85-66', 

base (9)  78O. Yield a f t e r  c r y s t a l l i z a t i o n  of t h e  hydrochloride from isopropyl  

a lcohol /e ther :  2.7 g (59%);  m.p. 214-215O. 

4 

18) 53O f o r  t h e  base d r i e d  t o  a i r ,  75-76' fo r  t h e  anhydrous 

Methods 

The addi t ion  of reagents ,  reac t ions  and i s o l a t i o n  of products  were a l l  c a r r i e d  

out  i n  a f u l l y  closed apparatus  of Pyrex g l a s s  (Fig. l ) ,  f reed  from oxygen and 

moisture by f lush ing  with helium gas and evacuation (10 mm Hg) f o r  18 hours. 

Break-seal ampoules w e r e  f i l l e d  with anhydrous so lvents  o r  l i q u i d  reagents  as 

described (10) and were connected t o  t h e  reac t ion  v e s s e l  by fus ing  t h e  g lass .  

The contents  of t h e  var ious ampoules could be brought i n t o  t h e  reac t ion  vesse l  

-6 
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As par t  of our investigation concerning the mode of action of t h i s  copper(1) com- 

plex we intend t o  study i t s  transport  i n to  the mycoplasma ce l l .  Hence we decided 

t o  prepare t h i s  complex with a radioactive labe l  i n  the ligand. TO detect the 

possible dissociation of the copper complex i n  whole c e l l s  of Mycoplasma galli- 

septicum, a l so  the  metal has t o  be radioactive. Therefore we prepared 67cUC12 

and 2,9-[ Cldimethyl-l,10-phenanthroline. 

From these compounds the copper(1) complex i s  formed i n  s i t u  when they are dis- 

solved i n  the molar r a t i o  1:2 i n  the  growth medium of Mycoplasma gallisepticum ( 2 ) .  

The synthesis of the 14C-labelled ligand and the  production of 67Cu i s  reported i n  

t h i s  paper. 

14 

EXPERIMENTAL PAm AND RESULTS 

The synthesis of 2,9-dimethyl-l , 10-phenanthroline has been reported several times 

( 3 ,  4,  5 ) .  In a l l  cases the well-known Skraup reaction is  involved i n  the synthe- 

t i c  procedure. Because of the  l o w  yield generally obtained i n  t h i s  reaction, the 

appl icabi l i ty  of alkyllithium reagents i n  the preparation of a s e r i e s  of ortho 

substi tuted 1,lO-phenanthrolines, analogous t o  the  procedure described by Kauff- 

mann (61, w a s  investigated previously ( 7 ) .  This method proved t o  be very success- 

fu l ,  giving much higher yields and being a milder and cleaner procedure i n  com- 

parison with the Skraup reaction. 

I n  t h i s  way we prepared 2,9-[ 

phenanthroline and [ C]methyllithium according t o  the following scheme: 

14 Cldimethyl-1,lO-phenanthroline from 2-metyl-1,lO- 

14 
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a f t e r  breaking t h e  t h i n  g l a s s  break-seal with an i r o n  rod fused i n  a g l a s s  

tube using a magnet (10) .  

1 1 4 C ]  Methyllithium 

A so lu t ion  of [ 14 C]methyllithium w a s  prepared b a s i c a l l y  i n  t h e  same way a s  descr i -  

bed by Miiller and Rundel (11). Lithium ( i n  excess)  (30 mmol) w a s  added t o  reac t ion  

vesse l  I (Fig. 1) under helium pressure ,  followed by s e a l i n g  opening 1 and evacu- 

a t i o n  of t h e  vesse l .  Subsequently 10 ml anhydrous e t h e r ,  5 mmol i n a c t i v e  methyl 

iod ide  and 10 m C i  [ Clmethyl iod ide ,  respec t ive ly ,  were added t o  t h e  reac t ion  

vessel .  After  completion of t h e  reac t ion ,  t h e  ampoules were f reed  from e t h e r  and 

o ther  v o l a t i l e  products by cool ing t h e  reac t ion  v e s s e l  wi th  l i q u i d  n i t rogen  and 

subsequently sea led  o f f .  

14 

2,9- [ 14C]Dimethyl-l, 10-phenanthroline 

Reaction vessel I, containing a s o l u t i o n  of  [ C]methyllithium was connected with 

reac t ion  vesse l  11. 2-Methyl-1,lO-phenanthroline (5  mmol) was added t o  vesse l  I1 

followed b y s e a l i n g  5 and evacuation of  t h e  vesse l .  Af te r  t h e  2-methyl-1,lO-phe- 

nanthrol ine was dissolved i n  15 ml anhydrous benzene t h e  [14C]methyllithium so- 

l u t i o n  of v e s s e l  I w a s  added slowly. S t i r r i n g  w a s  continued f o r  2 hours a t  0-1O0C 

r e s u l t i n g  i n  a deeply red so lu t ion .  Reaction v e s s e l  I and t h e  empty ampoule were 

sea led  of f  and v e s s e l  I11 which contained 15 ml of water w a s  connected t o  reac t ion  

vesse l  I1 and evacuated. Af te r  t h i s  t h e  water  w a s  decanted t o  reac t ion  vesse l  11. 

After  hydrolysis  t h e  b r i g h t l y  yellow coloured organic  l a y e r  was decanted p a r t l y  

t o  vesse l  I11 and t h e  so lvent  w a s  d i s t i l l e d  back t o  v e s s e l  I1 by gent le  heat ing 

of vesse l  I11 and cool ing v e s s e l  I1 with l i q u i d  ni t rogen.  Repeating t h i s  proce- 

dure s e v e r a l  t i m e s  r e s u l t e d  i n  a co lour less  organic  l a y e r  i n  vesse l  I1 and some 

yellow o i l  containing t h e  product i n  v e s s e l  111. After  cool ing v e s s e l  I1 was 

sealed o f f .  Since no v o l a t i l e  rad ioac t ive  compounds w e r e  p r e s e n t  anymore, v e s s e l  

I11 w a s  opened. The product was dissolved i n  ca. 3 ml of  acetone and oxidized 

by adding small  por t ions  of a concentrated s o l u t i o n  of KMn04 i n  acetone u n t i l  

t h e  colour of t h e  reac t ion  mixture became permanently purple .  Af te r  separa t ion  

14 
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of  t h e  p r e c i p i t a t e d  Mn02 t h e  s o l u t i o n  w a s  concentrated. TLC ana lys i s  

s i l i c a g e l  60 F254, e l u t i o n  so lvent  e t h e r  containing 2% ethanol and 1 d r o p l e t  of 

conc. ammonia, de tec t ion  a t  254 nm) revealed t h a t  t h i s  so lu t ion  mainly contained 

2,9-dimethyl-lrlO-phenanthroline while a l s o  a s m a l l  amount of 2-methyl-l,10- 

phenanthrol ine and a yellow coloured impuri ty  w e r e  detected.  These compounds 

w e r e  separa ted  by columnchromatography ( s i l i c a g e l  0.063 - 0.200 m m ;  e ther /p .e .  

40-60 4:l; e t h e r  and e t h e r  + 3% e thanol  r e s p e c t i v e l y ) .  The y i e l d  of p u r i f i e d  

2,9-[ 

appl ied  r a d i o a c t i v i t y ,  r e s u l t i n g  i n  a s p e c i f i c  a c t i v i t y  of 1.78 mCi/mmol. 

(Merck 

14 Cldimethyl-1,lO-phenanthroline w a s  2.95 mmol and 59% of t h e  i n i t i a l  

14 Figure I ,  f u l l y  closed apparatus  f o r  t h e  synthes is  of  2,9-[ Cldimethyl-1,lO- 

phenanthroline. 

14 
I. reac t ion  v e s s e l  f o r  synthes is  of [ C]methyllithium 

11. reac t ion  v e s s e l  f o r  nuc leophi l ic  addi t ion  reac t ion  and hydrolysis  

111. v e s s e l  containing 15 m l  of water 

1. opening f o r  t h e  addi t ion  of l i th ium 

2. ampoule with 10 m l  anhydrous e t h e r  

3.  ampoule with 5 mol i n a c t i v e  methyl iodide 

4. ampoule with 10 m C i  [I4C]methyl iodide 
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5. opening f o r  t h e  addi t ion  of 2-methyl-1,lO-phenanthroline 

6. ampoule with 15 m l  anhydrous benzene 

a. t h i n  g l a s s  break-seal 

b. i r o n  rod, fused i n  a g l a s s  tube 

c .  thickening of t h e  g l a s s  f o r  s e a l i n g  o f f  

d. magnet f o r  s t i r r i n g  

The production of 67Cu 

67Cu w a s  produced by a-bombardment of enr iched 64Ni-foi ls  ( i s o t o p i c  p u r i t y  > 9 5 % ) ,  

using the reac t ion  6 4 N i ( a ,  P ) ~ ~ C U .  The a - p a r t i c l e s  (E 

a ted  with the  AVF cyclotlron of t h e  V r i j e  Univers i te i t .  The th ickness  of the  N i -  

= 25 MeV) were acceler- 

L 
f o i l s  was about 5 mg/cm . After  i r r a d i a t i o n  ( i r r a d i a t i o n  times 2-4 hours with 

2 ~.IA beam curren t )  t h e  t a r g e t  was allowed t o  cool down during s e v e r a l  hours. 

For chemical separa t ion  t h e  Ni- fo i l  w a s  d issolved i n  5.5N n i t r i c  a c i d ,  c a r r i e r s  

were added (50  ug Cu and 50 Fig Zn) and a f t e r  evaporat ion t o  dryness the  s a l t s  

were taken i n  6N H C 1  and brought on a column of  Dowex-1 anion-exchanger. 

Nickel w a s  e l u t e d  with 6 N  H C l  and copper with 2N HC1.  Afterwards t h e  a l s o  

present  62Zn was e l u t e d  with 0.05N HC1. 

The Cu f r a c t i o n  containing rad ioac t ive  67Cu (measured by y spectroscopy) and 

t r a c e s  of 64cu w a s  evaporated t o  near  dryness and taken i n  s e v e r a l  m i l l i l i t e r s  

of water. The y i e l d  of 67Cu w a s  about 30 V C i .  The 6 4 N i  was recycled by e lec t ro-  

p l a t i n g  the  N i  from a s o l u t i o n  of ammonium s u l f a t e  on P t  backing f o i l .  
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