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SUMMARY 

14 Two syntheses of [ 

label spec i f ica l ly  incorporated in two separate molecular 

positions are described. 

from p-~hloro[U-~~C]ani l ine  was obtained w i t h  a molar 

specific ac t iv i ty  of 27.9 mCi/mmol. Chain labelled material , 
where the  I4C label was incorporated in the  1 and 6 positions 

of the hexamethylene bridge, was prepared from [ l ,  6 I4C]- 

adiponitri le,  with a molar specific ac t iv i ty  of 11.5 mCi/mnol. 

Several methods of purification are described. 

C] chlorhexidine ( 'Hibitanel*) with the  

Ring labelled chlorhexidine prepared 

Key Words: Chlorhexidine, carbon-14, purity. 

INTRODUCTION 

C h l  orhexidine (Hibitane*) i s  one of a number of poly-biguanides investigated 

d u r i n g  the  l a t e  1940's and early 1950's i n  ICI laboratories f o r  anti-bacterial 

activity.( ' )  

against gram-positive bacteria,  even a t  high d i lu t ions ,  and t o  be compatible 

with penic i l l in ,  streptomycin, oxytetracyclin and aureomycin. In  the  

veterinary f ie ld  i t  has been used extensively as an udder wash. 

t he  l a s t  twenty years chlorhexidine has  been widely used c l in i ca l ly  as a 

top ica l ly  applied bactericide fo r  s k i n  infection, wounds, bu rns ,  obstetrics 

and bl-adder i r r iga t ion .  The a n t i -  bacterial  properties of chlorhexidine 

have heen reviewed hy Hennessey (3) .  

* Hihitane, t rade  mark the property o f  Imperial Chemical Industries PLC. 
0362-4803/82/101239-12$01.20 Received November 19, 1981 
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I t  was shown t o  possess outstanding bacteriostatic properties 

Throughout 
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In 1969 Lge ( 2 )  demonstrated t h a t  a one minute mouth r i n s e  twice d a i l y  with 

a 0.2% aqueous so lu t ion  of chlorhexidine gluconate completely inh ib i ted  t h e  

formation o f  dental  plaque, and s ince  then o ther  i n v e s t i g a t o r s  have s tudied 

the use of chlorhexidine i n  ora l  hygiene. 

Radiolabelled compounds were not so readi ly  a v a i l a b l e  t h i r t y  years  ago and 

consequently absorpt ion,  dis t r ibut ion,metabol ism and excret ion s t u d i e s  were not 

performed i n  any d e p t h  a t  the time. 

radioisotope i n  two separa te  molecular pos i t ions  was prepared so t h a t  such 

s tudies  could be undertaken ( 4 ) .  The two pos i t ions  labe l led  were ( a )  i n  the 

aromatic r ings of the p-chloroani l ine moie t ies ,  

atoms of t h e  hexamethylene bridge. 

1 abelled respect ively.  

14 The [ C] chlorhexidine containing t h e  

and ( b )  the 1 and 6 carbon 

These a r e  designated Ring and Chain 

Chl orhexidine was discovered before t h e  advent of t h i n  l a y e r  chromatography 

(TLC) and i n  view of i t s  binding p r o p e r t i e s  t o  most adsorbents ,  considerable  

inves t iga t ion  was needed before  s u i t a b l e  TLC systems ( A  and B )  were found. 

Further complications were encountered upon endeavouring t o  purify the product 

by TLC on a preparat ive s c a l e  i n  t h a t  only 4% of the chlorhexidine bound t o  t h e  

s i l i c a  could be removed by e x t r a c t i o n  with polar  organic solvents .  In  both 

syntheses ,  the product was i so la ted  as  t h e  base, and s t o r e d ,  a f t e r  p u r i f i c a t i o n ,  
14 t y  of [ 

t. 

C:! Chlorhexidine was a t  0' - 4'C. For some s tudies  t h e  so lubi l  

enhanced by conversion t o  t h e  gluconate s a  

MATERIALS 

14 14 p-Chloro[U- Clani l ine  and potassium [ Clcyanide were purchased from 

Amersham Internat ional  PIC. Commercially a v a i l a b l e  anhydrous diethyl  e t h e r  was 

addi t iona l ly  dr ied  over sodium wire. Sulphur f r e e  toluene (May and Baker L t d . )  
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was used wi thout  f u r t h e r  p u r i f i c a t i o n .  A l l  o the r  so lvents  used were e i t h e r  o f  

a n a l y t i c a l  reagent q u a l i t y  o r  were r e d i s t i l l e d .  L i t h ium aluminium hyd r ide  was 

purchased from B r i t i s h  Drug Houses Ltd. and a d i p o n i t r i l e  from A l d r i c h  Chemical 

Company Ltd. A l l  samples used f o r  t h e  determinat ion o f  radiochemical p u r i t y  

and s p e c i f i c  a c t i v i t y  were counted on a Packard T r i  Carb L iqu id  S c i n t i l l a t i o n  

Spectrophotometer model 3320 i n  standard glass screw cap v i a l s  o f  low potassium 

content  (Packard Instruments Ltd., Wembley). The 2,5-diphenyl oxazole (PPO) 

and 1,4-bi s 12-( 4 methyl -5-phenyl oxazoyl )]-benzene (DMPOPOP) were purchased 

from t h e  same source. Naphthalene ( s c i n t i l l a t i o n  grade) was obtained from 

Thorn E lec t ron i cs  Ltd. A1 1 autoradiographic examinations employed e i t h e r  Kodak 

'Kodi rex '  , o r  Agfa ' S t r u c t u r i x '  X-ray f i l m .  

THIN LAYER CHROMATOGRAPHY (TLC) 

Chlorhex id ine binds s t rong ly  t o  s i l i c a  and g lass surfaces and t h i s  has caused 

d i f f i c u l t i e s  i n  a n a l y t i c a l  and p u r i f i c a t i o n  procedures. In  a l l  chromatographic 

i n v e s t i g a t i o n s  Merck S i l i c a  GF o r  HRF was used as t h e  adsorbent. 

Three TLC Systems were used throughout t h i s  work, these were:- 

System A Merck S i l i c a  GF o r  HRF developed w i t h  to1uene;ammonia (0.880); 

methanol AR [60:20:70] 

System B Merck S i l i c a  GF o r  HRF developed w i t h  to1uene;ethyl acetate; 

ammonia (0.880) ;ethanol 740P [60:20:10:40] 

System C Merck S i l i c a  GF developed w i t h  n-butanol ;acetic acid;water 

[ 12: 3 : 51 

For a l l  a n a l y t i c a l  s tud ies t h e  p l a t e s  used had dimensions o f  20 x 20 cm and the  

th ickness o f  t h e  s i l i c a  l a y e r  was 0.25 mm. 

us ing 20 x 40 cm p l a t e s  and a s i l i c a  f i l m  o f  0.5 mm thickness. 

Preparat ive TLC was c a r r i e d  ou t  
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PREPARATION OF R I N G  LABELLED [ 14C]CHLORHEXIDIblE o+ 2 H C 1  C N - N H - C - N H ( C H  ) NH-C-NHCN + 2 

SCHEME 1 

II 2 6 II \ 
c 1  NH NH 

N a r k s  t h e  p o s i t i o n  o f  t h e  c a r b o n - 1 4  l a b e l  

EXPERIMENTAL 

14 p-Chloro[U- Claniline (2) (79 mg; 16.14 mCi/mnol) was isotopically diluted 

with unlabelled p-chloroaniline (6.0 mg) and s t i r r ed  a t  ambient temperature 

with isopropanol (2.0 m l )  in the  presence of 10 M hydrochloric acid (66 mg). 

Stirring was continued f o r  20 minutes before adding 1,6-hexamethylene-Q- 

dicyandiamide (L)(H.M.B.D.A. ,  83.3 mg (0.33 mmol) in isopropanol (2.0 m l ) .  

This was s t i r r ed  f o r  8 hours in a s i l i cone  bath maintained a t  85OC. The 

mixture was cooled in an ice-water bath t o  ambient temperature and sodium 

hydroxide solution (1.0 ml of a 2.7% aqueous solution) was added dropwise 

until the reaction mixture was just alkaline.  The c l ea r  solution was s t i r red  

and gradually became turbid as the  w h i t e  granular chlorhexidine base was 

deposited. After s t i r r i n g  f o r  30 minutes the  mixture was centrifuged t o  

separate, and  the product washed with isopropanol ( 2  x 1.0 m l ) ,  isopropanol-water 

( 1 : l )  ( 2  x 1.0 m l ) ,  and d i s t i l l e d  water ( 3  x 1.0 m l ) ,  before being dried under 

reduced pressure fo r  16 hours a t  ambient temperature, t o  give 121 mg of crude 

chlorhexidine base (Stage Yield 722). 

(System A )  revealed the  presence o f  th i r teen  impurities when visualised under 

U V  254 nm. Autoradiography showed t h a t  a l l  t he  components of the  chromatogram 

were radiolabelled. 

Examination of t he  product by TLC 
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PURIFICATION OF CHLORHEXIDINE BASE 

The crude base (121  mg) was dissolved i n  the  minimum volume of the  developing 

solvent (System A )  and applied equally t o  nine Merck Si l ica  HRF plates which 

had been pre-run w i t h  the developing solvent and dried before application of 

the solution of crude product. 

a i r ,  t he  band corresponding in Rf t o  reference chlorhexidine was removed, and  

a small column formed from the  silica-chlorhexidine band. The product was 

eluted from the  s i l i c a  w i t h  the  developing solvent (System A ) .  

collected were examined by TLC, selected fractions were combined 

t o  dryness under reduced pressure from a water bath a t  4 O O C .  

After development, t he  plates were dried in 

The fractions 

and evaporated 

The residue obtained was dissolved i n  absolute ethyl alcohol (3.0 ml) and 

allowed t o  c rys t a l l i s e  a t  0 - 4 O C  f o r  16 hours. The white c rys ta l l ine  solid 

was separated by centrifugation, washed with petroleum-ether (Br 60' - 8 O o C )  

( 3  x 1.5 m l )  and dried under reduced pressure fo r  16 hours a t  ambient temperature 

(42 mg; overall yield 25%). 

r27.95 mCi/mmoll, which represented an overall radiochemical yield of 23.2%. 

The radiochemical p u r i t y  was 99%. To obtain material a t  two levels of ac t iv i ty ,  

9.0 mg of the product was retained as chlorhexidine/lR, and the remainder 

isotopically diluted w i t h  pure unlabelled chlorhexidine base and recrystall ised 

from boiling absolute ethyl alcohol. The white c rys ta l l ine  solid obtained 

(chlorhexidine/2R) was washed with petroleum e ther  (Br 60' - 80°C) and d r i ed  

under reduced pressure a t  ambient temperature (55.6 mg). 

purity was determined by TLC and found t o  be 98.9% on System B and the  specific 

ac t iv i ty  was 25.36 pCi/mg (12.81 mCi/mol). 

The specific ac t iv i ty  was shown t o  be 55.35~Ci/mg 

The radiochemical 
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SYNTHESIS OF CHAIN LABELLED [ 14C] CHLORHEXIDTNE 

Scheme 2 

Stage 1 Br(CH2)4Br + 2KiN = dN(CH2)4<N + 2KBr 

Stage 2 6N(CH2)&6N i- B2H6 = NH26H2(CH2)4CH2NH22HC1 

Stage 3 NH2tH2(CH2)4EH,NH22HCl + 2NaN(CN)2 = CN-NH-C-NH6H2(CH2),:H2NH-C-NHCN 
II II 
NH NH 

(189) (2) H.M.B.D.A. (6) (MW 250) 

S t a g e  4 a Q + 2HC1 CN-NH-C-NH-CH~-(CH,)~-CH~NH-C-NH-CN + 2 
!H iH 

(6) (MW 127.5) 

-Marks location of carbon-14 label 
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14 Preparat ion o f  [l, 6- C l A d i p o n i t r i l e  (2)  

2 245 

14 Potassium [ Clcyanide (113.5 mg; 100 mCi) i s o t o p i c a l l y  d i l u t e d  w i t h  

un labe l l ed  potassium cyanide (406.5 mg) was s t i r r e d  w i t h  dimethyl formamide 

(5.0 m l )  which had been pre-dr ied and d i s t i l l e d  over ca lc ium hydride. To t h e  

m ix tu re  was added 1, 4-di-iodobutane (1240 mg) and s t i r r i n g  was continued f o r  

16 hours a t  ambient temperature. 

m ix tu re  ex t rac ted  w i t h  d i e t h y l  e the r  ( 8  x 30 m l ) .  

combined, washed w i t h  d i s t i l l e d  water ( 3  x 10 ml) ,  and d r i e d  over anhydrous 

magnesium sulphate. A f t e r  f i l t r a t i o n ,  t h e  d r i e d  e x t r a c t  and e t h e r  washings 

were evaporated t o  dryness under reduced pressure from a water bath a t  

25 - 30"C, and d r i e d  a t  ambient temperature under reduced pressure. 

380.2 mg (Stage Y i e l d  88%). 

gas - l i qu id  chromatography (GC) on two separate columns: 

a t  a temperature o f  170°C. 

t o  a sample o f  authent ic  a d i p o n i t r i l e .  

Water (20 m l )  was then added and t h e  r e a c t i o n  

The e the r  e x t r a c t s  were 

Y ie ld  

The i d e n t i t y  o f  t h e  product was establ ished by 

5% 0V 1 7  and 5% CM 20 

I n  each case a s i n g l e  peak was detected, i d e n t i c a l  

Preparat ion o f  [l, 6-I4C]l, 6-hexanediamine d ihyd roch lo r i de  (a) 

The te t rahydrofuran (THF) used f o r  t h i s  stage o f  t h e  synthes is  was d i s t i l l e d  

over  l i t h i u m  aluminium hydr ide and s tored under argon immediately p r i o r  t o  

use. 

14 Diborane i n  THF (0.78 mmol/ml; 

(2) (380.2 mg) s t i r r e d  i n  THF (5.0 m l )  and s t i r r e d  f o r  16 hours. The excess 

diborane i n  t h e  gelat inous m i x t u r e  produced, was decomposed by t h e  dropwise 

a d d i t i o n  o f  absolute e t h y l  alcohol. The hydrochlor ide o f  t h e  product was 

formed by t h e  a d d i t i o n  o f  an ethereal  s o l u t i o n  o f  hydrogen c h l o r i d e  u n t i l  

no f u r t h e r  p r e c i p i t a t i o n  occurred. The r e a c t i o n  l i q u o r s  were evaporated t o  

dryness under reduced pressure from a water ba th  a t  45'C. The res idue was 

d isso lved i n  methanol AR, cen t r i f uged  t o  separate from t r a c e s  o f  i n s o l u b l e  

ma te r ia l  and t h e  c l e a r  supernatant evaporated t o  dryness i n  a n i t rogen  stream. 

7.2 m l )  was added t o  [1, 6- C l a d i p o n i t r i l e  
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Methanol AR (3.5 m l )  was added, warmed t o  g i v e  a c l e a r  s o l u t i o n  and e t h y l  

a c e t a t e  added dropwise  u n t i l  t h e  m i x t u r e  was t u r b i d .  A f t e r  16 hours  a t  0 - 4OC 

a w h i t e  c r y s t a l l i n e  so l  i d  was depos i ted  wh ich  was separa ted  b y  c e n t r i f u g a t i o n  

and washed w i t h  sodium d r i e d  e t h e r  ( 3  x 4.0 m l  ) b e f o r e  d r y i n g  under  reduced 

p ressu re  a t  40°C (455.5 mg; 69% Y i e l d ) .  

The i d e n t i t y  o f  t h e  p roduc t  was e s t a b l i s h e d  by  g a s - l i q u i d  chromatography (GC). 

Two separa te  columns were used f o r  a n a l y s i s ,  10% CM 20 and 5% SE 30, a t  1 8 5 O C .  

I n  each case a s i n g l e  peak was ob ta ined  showing i d e n t i c a l  r e t e n t i o n  t i m e s  t o  

a u t h e n t i c  r e f e r e n c e  m a t e r i a l .  

1 4  P repara t i on  o f  [l, 6-  C j l ,  6-Hexamethylene b i s  (dicyandiamide)(il)(HMBDA). 

14 [ l ,  6- C]1,6-Hexane d iamine d i h y d r o c h l o r i d e  ( 3 ) ( 4 5 2  mg, 2.4 mmol), sodium 

d i cyan im ide  954: (470 mg) and AR i sop ropano l  p r e - d r i e d  ove r  mo lecu la r  s i e v e  

(10  m l )  was s t i r r e d  and r e f l u x e d  f o r  1 6  hours  ( b a t h  tempera ture  (90" - lOOOC)), 

and heated  f o r  a f u r t h e r  20 hours  a t  85°C. The w h i t e  suspension was c e n t r i f u g e d  

t o  separa te  and t h e  p roduc t  washed w i t h  wa te r  ( 3  x 6.0 m l )  b e f o r e  d r y i n g  under 

reduced p ressu re  a t  45OC f o r  16 hours,  t o  g i v e  a w h i t e  s o l i d  (339.5 mg; 

56.84: Y ie ld ) .  Th i s  was a l l  t r a n s f e r r e d  t o  t h e  nex t  stage. 

P repara t i on  o f  1, 1-[l, 6-14C]Hexamethylene b i s  ( 5 - ( 4  c h l o r o p h e n y l )  b iguan ide  

(Ch lo rhex id ine )  

p - C h l o r o a n i l i n e  (345 mg, 2.72 mmol) was s t i r r e d  w i t h  AR i sop ropano l  (1.2 m l ) ,  a 

s o l u t i o n  o f  concen t ra ted  h y d r o c h l o r i c  a c i d  (252 mg) i n  AR i sop ropano l  (1.4 m l )  

was added, and t h e  m i x t u r e  s t i r r e d  f o r  30 minu tes  t o  g i v e  a c l e a r  s o l u t i o n .  

14 [ C ]  HMRDA ( A )  (339.5 mg, 1.36 mno l )  and AR i sop ropano l  (3.0 m l )  were i n t r o d u c e d  

i n t o  t h e  r e a c t i o n  m i x t u r e  wh ich  was t h e n  s t i r r e d  i n  a s i l i c o n e  b a t h  a t  85" - 90°C 

f o r  7 hours. 

tempera ture  f o r  12 hours. 

A f t e r  c o o l i n g  t h e  w h i t e  g e l a t i n o u s  p roduc t  was s t i r r e d  a t  ambient 
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On addi t ion  of an  aqueous sodium hydroxide so lu t ion  (2.7%; 

di hydrochloride di ssolved and the crude chl orhexidine base was slowly deposited 

( 2  hours). 

isopropanol ( 2  x 1.0 ml) ,  isopropanol-water (1:l) ( 2  x 1.0 ml) and water 

( 4  x 1.0 ml) before being dr ied  under reduced pressure a t  ambient temperature 

f o r  16 hours. This gave a white s o l i d  (509 mg; s tage  y i e l d  74.2%). The 

overa l l  y i e l d  of crude product based on potassium [ Clcyanide was 2 5 . 8 .  

4.3 ml) t h e  white 

The product was separated by cent r i fuga t ion ,  and washed with 

14 

The product was examined by TLC (System A )  and was shown t o  be predominantly 

[ C] chlorhexidine toge ther  with fourteen impuri t ies .  Autoradiography 

showed t h a t  a l l  the components were rad io labe l led .  

synthes is  presented some addi t ional  d i f f i c u l t i e s  i n  t h e  p u r i f i c a t i o n  procedures. 

An a l iquot  of the crude product was pur i f ied  by t h e  procedures described t o  

y i e l d  product 1 and product 2. 

a t  0-4°C. 

14 

The d i f f e r e n t  route  o f  

The remainder of the crude product was s tored 

PROCUCT 1 

1) Chlorhexidine r e c r y s t a l l i s e d  readi ly  from absolu te  ethyl alcohol. An 

a l iquot  of t h e  crude [ 

unlabelled material and s e r i a l l y  (lox) r e c r y s t a l l i s e d  from absolu te  ethyl 

alcohol t o  give an overal l  r e c r y s t a l l i s a t i o n  y i e l d  of 58%. A t  t h i s  point t h e  

radiochemical pur i ty  'was 941. 

material re ta ined  a t  the or ig in .  T h i s  was an unacceptable level  of impurity. 

14 C] chlorhexidine was i s o t o p i c a l l y  d i l u t e d  (1:l) with 

The chromatographic pa t te rn  showed 4.5% of polar  

2 )  The product (62.5 mg) was again i s o t o p i c a l l y  d i l u t e d  with an equal weight 

of pure unlabelled material and s e r i a l l y  r e c r y s t a l l i s e d  a f u r t h e r  f i v e  times. 

The product obtained,  a white c r y s t a l l i n e  s o l i d ,  was dissolved i n  the TLC 

solvent  (System A )  and applied t o  a small Merck S i l i c a  HR column (2.7 x 3.0 cm) 

which had been pre-washed with the developing solvent  f o r  16 hours. 

(1.0 ml) were co l lec ted  and a 5 p1 a l iquot  of each was examined by TLC (System A ) .  

Fractions 
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The p la tes  were then autoradiographed f o r  16 hours. 

radiographs allowed s e l e c t i o n  of those  f r a c t i o n s  which contained a s ing le  

component ident ica l  i n  Rf with pure chlorhexidine. These were combined and 

evaporated t o  dryness under reduced pressure from a water bath a t  45°C t o  

give a white c r y s t a l l i n e  s o l i d  (55.2 mg). 

H 6.0; N 26.3; C22H30N10C12 requi res  C 52.3; ti 5.9; N 27.7. 

Examination of t h e  auto- 

Elemental ana lys i s  found C 52.1; 

TLC examination (System A )  showed t h e  product t o  be  ident ica l  with pure 

reference chlorhexidine when viewed under U V  254 n m ,  and t h i s  was confirmed by 

autoradiography. P l a t e  segmentation followed by s c i n t i l l a t i o n  counting gave 

radiochemical p u r i t i e s  of 97.3% and 97.9%. Duplicate determinations using TLC 

system B gave radiochemical p u r i t i e s  of 97.0% and 97.9%. 

p u r i t y  using system C was 98.5%. 

spectrometry (GCMS) produced t h e  same fragmentation pa t te rn  a s  pure, reference 

chlorhexidine. A two-dimensional TLC using system A followed by autoradiography 

demonstrated t h a t  no decomposition o r  oxidat ion had occurred on the p l a t e  a s  a 

r e s u l t  of chromatographic examination. 

The radiochemical 

Examination by gas- l iquid chromatography-mass 

The  a f f i n i t y  of chlorhexidine f o r  binding t o  glassware produced an unacceptable 

v a r i a b i l i t y  i n  s p e c i f i c  a c t i v i t y  determinat ions c a r r i e d  out by normal procedures. 

Acceptable reproducib i l i ty  was achieved by preparing each so lu t ion  of I4C- 

labe l led  product i n  a methanol so lu t ion  of unlabelled chlorhexidine (50% w / v ) .  

All glassware used i n  t h e  determinations was a l s o  r insed w i t h  the unlabelled 

chlorhexidine solut ion.  Ten determinations gave a s p e c i f i c  a c t i v i t y  of 

22.76 2 0.43 pCi/mg C11.5 mCi/mmol]. An a l t e r n a t i v e  method of s p e c i f i c  a c t i v i t y  

determination by a combustion technique gave the s p e c i f i c  a c t i v i t y  a s  

22.3 pCi/mg and t h i s  confirmed t h e  accuracy o f  t h e  more conventional method. 
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PRODUCT 2 

An a t tempt  was made t o  o b t a i n  pure  m a t e r i a l  by  t h e  above column method f rom t h e  

c rude  m a t e r i a l  i n  t h e  r e c r y s t a l l i s a t i o n  l i q u o r s  and t h e  r e j e c t e d  f r a c t i o n s  f rom 

t h e  above column p u r i f i c a t i o n .  

under  reduced pressure .  The r e s i d u e  was d i s s o l v e d  i n  t h e  deve lop ing  s o l v e n t  

(System A)  and a p p l i e d  t o  a smal l  s i l i c a  HR column which had been pre-washed 

w i th  t h e  deve lop ing  so l ven t .  F r a c t i o n s  (1.0 m l )  were c o l l e c t e d  and 

2 11 a l i q u o t s  o f  each f r a c t i o n  were a p p l i e d  t o  a s i l i c a  GF p l a t e  and developed 

w i t h  t h e  same system. The p l a t e s ,  when d r i e d ,  were autoradiographed. I n  a l l  

f r a c t i o n s  t h e  i m p u r i t y  l e v e l  was unacceptable.  

These were combined and evapora ted  t o  d ryness  

The c rude p roduc t  was recovered f rom t h e  f r a c t i o n s  by evapora t i on  under reduced 

pressure.  

s o l v e n t  and a p p l i e d  t o  8 Merck S i l i c a  GF p r e p a r a t i v e  p l a t e s  which had been 

pre-washed i n  t h e  same so lven t .  

i n t o  f o u r t e e n  components. 

by  au torad iography .  

was removed, formed i n t o  a smal l  column and e l u t e d  w i t h  t h e  deve lop ing  s o l v e n t  

used (System A) .  

evapora ted  t o  dryness under reduced p ressu re  f rom a w a t e r  b a t h  a t  30°C. 

r e s i d u e  was d i s s o l v e d  i n  b o i l i n g  a b s o l u t e  e t h y l  a l c o h o l ,  c e n t r i f u g e d  t o  separa te  

t r a c e s  o f  i n s o l u b l e  m a t e r i a l ,  evapora ted  t o  h a l f  volume i n  a n i t r o g e n  stream 

and a l l owed  t o  c r y s t a l l i s e  a t  0" - 4'C. 

(177 mg) 

under UV 254 nm. 

i m p u r i t i e s  some o f  which were more p o l a r  and o t h e r s  l e s s  p o l a r  t h a n  ch lo rhex id ine .  

The r e s i d u e  was d i s s o l v e d  i n  t h e  minimum volume o f  t h e  deve lop ing  

The p l a t e s  on e l u t i o n  showed good s e p a r a t i o n  

That these  were a l l  l a b e l l e d  w i t h  carbon-14 was conf i rmed 

The band cor respond ing  i n  Rf t o  t h e  r e f e r e n c e  c h l o r h e x i d i n e  

When a l l  t h e  c h l o r h e x i d i n e  had been removed, t h e  e l u a t e  was 

The 

The w h i t e  c r y s t a l l i n e  produc t ,  

examined by  TLC (System A ) ,  appeared t o  be homogeneous when viewed 

Autorad iography ,  however, showed t h e  presence o f  l a b e l l e d  

A sma l l  column o f  S i l i c a  GF (2.0 x 1.0 cm d iamete r )  was formed and prewashed 

w i t h  t h e  deve lop ing  s o l v e n t  f o r  16 hours.  

d i s s o l v e d  i n  t h e  deve lop ing  s o l v e n t  and a p p l i e d  t o  t h e  column and 1.0 m l  

14 The [ C ]  c h l o r h e x i d i n e  was 
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fractions were collected. 

(2 pl aliquot) and the plates autoradiographed. 

combined and evaporated to dryness under reduced pressure from a bath at 40'C. 

The residue was dissolved in the minimum volume of boiling absolute ethyl 

alcohol, centrifuged to separate a small amount of insoluble material and 

allowed to crystallise at 0" - 4°C for 4 hours. 

fugation, the product was washed with ice cold absolute ethyl alcohol 

(3 x 2.0 ml) before drying under reduced pressure at ambient temperature and 

yielded 137.6 mg o f  a white crystalline solid (last stage purification recovery 

77.7%). 

(including slight tail) on System A and 96% on System B. 

was determined as 10.25 2 0.26 pCi/mg, ( 5 . 2  mCi/mmol). 

TLC (System A )  was used to examine each fraction 

Fractions 15 - 50 were 

After separation by centri- 

The radiochemical purity o f  the product was found to be 98.8% 

The specific activity 
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