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S UMHARY 

I n  an unusual example o f  t r i t i u m - l a b e l l i n g  b y  
c a t a l y t i c  deha logena t ion  in t h e  presence  of com- 
p e t i n g  groups,  an i o d i n a t e d  p r e c u r s o r  was s e t e c t -  
Cvely  d e i o d i n a t e d  w i t h  t r i t i u m  gas t o  y i e l d  
a-f4-metho~yphenyl-3-~8)-a’-nitro-4[S-fdimethyZ- 
a m ~ n o ~ p r o p o ~ y]stilbene(CI-680-~H). 

The produc t  was l a b e l l e d  s p e c i f i c a l l y  a t  t h e  
C-3 p o s i t i o n  o f  t h e  methozyphenyl mo ie t y  w i t h  a 
s p e c i f i c  r a d i o a c t i v i t y  of 27.7 Ci/mmole and a 
n e t  y i e l d  of 809  mCi. C h a r a c t e r i a a t i o n  of C I - 6 8 0 -  
3 H  ( b a s e )  e s t a b l i s h e d  t h e  chemical  p u r i t y  t o  be 
>99% and t h e  rad iochemica l  p u r i t y  t o  be >97.6%. 
C h a r a c t e r i a a t i o n  a l s o  i n c l u d e d  an e v a l u a t i o n  of 
t h e  t r i t i u m  l a b e t  s t a b i l i t y  in water ad in aqueous 
a c i d i c  and b a s i c  media. 

INTRODUCTION 

The antiprogestational. hypocholesteremic and antifertility activity 

a-(p-methorgphenyl) -a’-nitr0-4 [3-(dimethyla~no)propoxyJ s t i l b e n e  * of 

hereinafter referred to as Cl-680. has been reported by DeWald (I). 

need for a high specific activity radioisotopically labelled preparation of 

Ct-680 for use in metabolic and mechanism of action studies prompted a study 

of methods of labelling Cl-680. A specific radioactivity of 20-40 Ci/mmole 

was thought to be necessary to provide the detection sensitivity needed for 

mechanism of action studies. 

The 

Tritium was an obvious choice in preference 
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t o  carbon-I4 s ince,  i n  any hydrogen c o n t a i n i n g  compound, the replacement 

o f  one hydrogen atom w i t h  a t r i t i u m  atom w i l l  r e s u l t  i n  t he  compound having 

a s p e - i f i c  r a d i o a c t i v i t y  o f  29.12 Ci/nunole (*I; the replacement o f  one 

carbon a t m  w i t h  a carbon- I4 atom would r e s u l t  i n  the  compound hav ing  a 

maximum s p e c i f i c  r a d i o a c t i v i t y  o f  o n l y  64 mCi/mnole (3) . 

A number of  methods o f  i n t r o d u c i n g  t r i t i u m  d i r e c t l y  i n t o  the CI-680 

molecular  s t r u c t u r e  by exchange were t r i e d  w i thou t  success. These methods 

inc luded c a t a l y t i c  exchange of  CI-680 w i t h  t r i t i u m  o r  t r i t i a t e d  water  i n  

var ious so lvents  us ing  heterogeneous p la t i num c a t a l y s t s  (4) o r  homogeneous 

p la t i num c a t a l y s t s  (K2PtCI4) (5). These methods f a i l e d  t o  y i e l d  a product  

o f  h i g h  s p e c i f i c  a c t i v i t y  t h a t  could be p u r i f i e d .  

C a t a l y t i c  dehalogenation o f  a s u i t a b l e  halogenated precursor  w i t h  

t r i t i u m  t o  y i e ! d  t r i t i u m  l a b e l l e d  Cl-680 was considered as an a l t e r n a t i v e  

nethod on ly  a f t e r  the exchange procedures f a i l e d .  

t n a t  the process o f  dehalogenation w i t h  t r i t i u m  m igh t  a l s o  sa tu ra te  the  

cbuble bond and/or reduce the n i t r o  group t o  an amine, y i e l d i n g  a number 

o f  t r i t i u m  l a b e l l e d  products  from which i t  would be d i f f i c u l t  t o  i s o l a t e  

pure CI-68b3”. 

d e r i v a t i v e s  and in termediates t o  CI-680 were synthes ized f o r  use i n  

c a t a l y t i c  dehalogenation s tud ies,  i n c l u d i n g  I, V I .  VII and V I I I  (See 

F igu re  1). C a t a l y t i c  dehalogenation o f  precursors V I ,  V I I  and VIII w i t h  

non-radioact ive hydrogen gas y i e l d e d  product  m ix tu res  from which Cl-680 

cou ld  n o t  be i s o l a t e d  i n  s a t i s f a c t o r y  p u r i t y  and y i e l d ;  dehalogenation o f  

I y i e l d e d  very promis ing r e s u l t s .  The body o f  t h i s  paper describes the 

c a t a l y t i c  dehalogenation o f  I w i t h  t r i t i u m  gas t o  y i e l d  CI-680-j” i n  h i g h  

s p e c i f i c  r a d i o a c t i v i t y  and y i e l d .  

I t  was o r i g i n a l l y  feared 

Nevertheless, severa l  ch lo r i na ted ,  brominated and iod ina ted  
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Figure 1 - Derivatives of  CI-680 (Base) 
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SYNMES I s 
The reaction conditions for the catalytic deiodinationof I as 

shown in Figure 2 were as follows:'r 56 mg (0.1 mole) of 

a(3-~odo-4~ethoxyphenyl) -a'-nitro-4 [ 3- (dime thylamino) propoxy 1 s tilbane ( I 1 

was stirred with 150 mg Yk Pd/AI 0 in 2 ml dimethyl fonnamide in a 10 ml 

reaction flask on a high vacuum apparatus. 

and then filled with 60 Curies of carrier-free tritium gas to a pressure 

of one atmosphere. Whlle stirring magnetically, the deiodination reaction 

was allowed to proceed at 2S°C for 25 minutes until the total tritium uptake 

was 4.0 ml. 

the remaining .1.5 nl (0.06 mole) tritium reacted with 1 to yield Cl-680- H 

(base). 

of 0.1 m o l e  tritium as a safeguard against the possible onset of competing 

reactions (tritium saturation of the double bond and reduction of the nitro 

group to an amino group). 

pump, the reaction mixture was vacuum distilled to remove the solvent. 

resultant residue was mixed with methanol and then vacuum distilled to 

dryness. 

dissolved in 10 ml 0.1 fi HCI, basified with 2 ml 1 

chloroform. 

dryness leaving a residue of product which was redissolved in 50 ml 

benzene:ethanol, 1 : l .  Analysis of this solution found a total of 2.11 Curies 

of crude tritiated product. 

2 3  
The vacuum systen was evacuated 

Approximately 2.5 ml tritium was adsorbed on the catalyst; 

3 

The reaction was not allowed to proceed to a stoichiometric raaction 

After removing the tritium gas with a Toepler 

?s 

To remove the last traces of labile tritium, the crude product was 

NaOH and extracted into 
phase 

The chlorofomqwas washed with water and vacuum distilled to 

ChraMtographic studies (Appendix A -- systems A, 8 ,  C .  D ,  i and F) 
3 revealed that the crude product was CI-680- H (base) with a radiochemical 

purity of approximately 60%. Furthermore, the studies indicated that na: 

all of the radiochemical impurities could be resolved From w ~ ~ O - ~ H  (base) 
~~ 

*This reaction was done at the New England Nuclear Corporation, Boston, 
Massachusetts, with the help and advice o f  D r .  Robert E. O'Brien. 
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CI-680-3H (base) 

Figure 2. Synthesis of t r i t ium- labe l led  Cl-680 (base) 

i n  a s ing le  T L C  system. 

i t  was necessary t o  use two consecutive. d i f f e r e n t  TLC separations. 

3 1812 FCi po r t i on  o f  crude CI-680- H i n  the benzene:ethanol so lu t ion  was 

vacuum d i s t i l l e d  t o  dryness, redissolved i n  4 m l  ethyl  acetate and streaked 

i n  qua1  amounts on each of  four 20 an x 20 cm TLC plates (1 mn) along a 

l i n e  1 cm x 15 cm a t  the o r i g i n  and chrmtographed (Appendix A -- system C). 

The p u r i f i e d  product was eluted w i t h  e thy l  acetate t o  y i e l d  755 mCi Cl-680-3H 

(base) w i t h  a radiochemlcal p u r i t y  o f  91%. 

product was concentrated t o  3 m l  and chromatographed again i n  a d i f f e r e n t  

T L C  systan (Appendix A - systam 8) i n  equal amounts on each o f  two TLC 

platas (1 m). The p u r i f i e d  product was eluted w i th  ethyl  acetate t o  y i e l d  

609 mCi C l - 6 8 0 -  H (base) w i t h  a chemical p u r i t y  o f  >99% and a radiochemical 

pu r l  t y  of 297.6%. 

Thus, t o  p u r i f y  the product by preparative TLC, 

An 

The ethyl  acetate eluate o f  the 

3 

3 A 511.5 mCi por t ion  o f  t h i s  high spec i f i c  a c t l v i t y  CI-680- H (base) i n  

e thy l  acetate so lu t ion  was vacuum d i s t i l l e d  t o  remove e thy l  acetate and 

redissolved i n  SO m l  benzene, which i s  a preferred solvent f o r  p ro tec t ion  

against rad ia t ion  induced decomposition dur ing storage.(' The benzene 
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3 so lu t ion  was analyzed t o  f i n d  (by f l uo r ime t r i c  analysis) 7.88 mg CI-680- H 

(bare) w i t h  a t o t a l  acct iv i ty of SO5 mCi and a spec i f i c  rad ioac t i v i t y  o f  

27.7 Ci/mnole. 

sunnnarlzed in Table 1. 

A l l  o f  the character izat ion data f o r  t h i s  product a re  

3 The remaining 97.5 mCi CI-680- H i n  ethyl  acetate so lu t ion  was mixed 

w i t h  865 mg (2.00 m o l e )  CI-680 (base, nonradioactive) t o  lower the speci f ic  

rad ioac t i v i t y  f o r  use i n  metabolic studies. Ethyl acetate was removed by 

vacuum d i s t i l l a t i o n .  

4 m l  ether and converted to the monocitrate s a l t  when added slowly t o  0.44 g 

(2.10 nmo1e)citric ac id  monohydrate i n  40 m l  b o i l i n g  2-butanone. 

so lu t ion  was concentrated t o  25 m l  by b o i l i n g  and then d i l u ted  w i th  ether 

u n t i l  c r ys ta l l i zed  Cl-680- H ( c i t ra te )  began t o  appear. 

was allowed t o  proceed overnight a t  O°C. 

was col lected by f i l t r a t i o n ,  washed w i t h  ether and dr ied t o  y i e l d  1127 mg 

Cl-680- H ( c i t ra te )  w i t h  a spec i f i c  rad ioac t i v i t y  o f  82.7 fiCi/mg and a 

radiochemical p u r i t y  of 98.0%. 

r u m r i z e d  i n  Table 2. 

3 The residue of CI-680- H (base) was redissolved i n  

The 

3 Crys ta l l i za t i on  

The yel low c r y s t a l l i n e  product 

3 

Characterization data f o r  t h l s  product are 

TRITIUM LABEL STAEILIlY 

The preparat iorsof  tritium labe l led  CI-680 are intended f o r  use i n  

physiological  mechanism studies and drua metabolism experiments where 

ci-680 and i t s  metabol l c  products can be detected by means o f  the t r i t i um 

a c t i v i t y .  

s tab le  under condi t ions ex i s t i ng  i n  bi.ologica1 systems. 

step to  the use o f  t r i t i m l a b e l l e d  compounds i n  b io log ica l  systems, i t  

has been found useful t o  evaluate the s t a b i l i t y  o f  the t r i t i u m  label i n  

water and l n  basic and ac id i c  aqueous media (78 8 D  'I. 

To serve t h i s  function, the t r i t i u m  t o  carbon bond must be 

As a prel iminarv 

The s t a b i l i t y  o f  the tritium a c t i v i t y  was studied i n  aqueous media 

using CI-680-3H (c i  t ra te )  whichwas considered t o  be representative o f  both 
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preparations of  CI-680- 3 H. CI-680- 3 H ( c i t ra te )  was dissolved i n  water, 

0.1 i NaOH, 1 l NaOH, 0.1 2 H C I  and 1 1 HC1, fo r  18 hours a t  25'C, made basic 

where necessary and then extracted i n t o  chloroform. I n  two other experiments, 

C l - 6 8 6  H (c i t ra te )  was dissolved i n  4 3 NaOH and 4 2 HCI. heated a t  100°C 

on a steam bath f o r  2 hours, made basic where necessary and then extracted 

i n t o  chloroform. 

chloroform phases was determined. 

read i l y  renoved under these tes t  conditions. then i t  would be exchanged from 

CI-680-3H f o r  non-radioactive hydrogen i n  the tes t  medium and ut t imately 

would be detected as 3HH0 in the aqueous phase a f te r  extract ion o f  CI-680- H 

(base) i n t o  chloroform; i f  the t r i t i u m  label  were stable, no s ign i f i can t  

adrange o r  loss of t r i t i u n l  from Cl-680- H would occur and no 3HH0 would 

be detected i n  the aqueous phase. 

experiments a re  described i n  Appendix B and the resu l ts  a re  presented l n  

3 

The to ta l  tritium content of each o f  the aqueous and 

I f  the tritium a c t i v i t y  i n  Cl-680-3H was 

3 

3 

The experimental de ta i l s  o f  these 

Tabla 3. 

The resu l ts  o f  these t r i t i u m  s t a b i l i t y  studies established tha t  the 

t r i t i u m  a c t i v i t y  i n  the preparations o f  Cl-680- H i s  s tab le  f o r  a t  least  

18 hours i n  water and aqueous solut ions of 0.1 fi NaOH, 1 fi NaOH, 0.1 2 H C l  

and 1 

studies (Appendix B -- experiments 1-6), 9 . 5 %  o f  the t r i t i u m  a c t i v i t y  was 

found i n  any o f  the aqueous phases. 

from CI-680- H when i t  i s  heated a t  100 C i n  4 2 HCI f o r  2 houts; i n  th i s  

study (Appendix 6 -- experiment 7). 11.3% o f  the t r i t i u m  a c t i v i t y  was detected 

in the aqueous phase. 

phase detected <la% o f  the t o t a l  t r i t i u m  spotted; o f  the t r i t i u m  detected, 

4% was detected as CI-680- H, 51% was detected as analogue V (Figure I ) ,  and' 

the  remaining 45% was u n i f o m i l y  d i s t r i bu ted  along the chrmatographlc lane. 

These resu l ts  suggest tha t  a t  leas t  90% o f  the t r i t i u m  a c t i v i t y  i n  the aqueous 

3 

H C I  a t  25OC and i n  4 i  NaOH a t  100°C f o r  a t  leas t  2 hours; i n  these 

Hawever, t r i t i u m  a c t i v i t y  can be removed 

3 0 

A T L C  study (Appendix A -- system 0) o f  t h i s  aqueous 

3 

285 
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phase was present i n  a v o l a t i l e  form such as 3HH0. 

i t  i s  evident tha t  sane t r i t i u m  a c t i v i t y  can be removed from CI-680- H by 

heating i n  4 1 H C l .  and tha t  sane 0-demethylation may occur. 

Fran these observations, 

3 

While i t  has been shwn tha t  tritium a c t i v i t y  can be renoved from 

3 Cl-680- H i n  hot 4 

a c t i v i t y  i n  Cl-680- H i s  s tab le  a t  room temperature i n  water and aqueous 

ac id i c  and basic media. Thus, from these observations, i t  would appear 

tha t  the tr i t ium a c t i v i t y  i n  the preparationsof CI-680- H should be a 

sa t is fac to ry  t racer  f o r  the carbon skeleton o f  Cl-680. 

HCI, i t  has also bee2 established that the t r i t i u m  

3 

3 
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Parameter 

Color 

Chemical Form 

Spec! f i c  Act i v i t y  

mC i /mg 

Ci/mnole 

Chemical Pur i ty  

- GLC 

Radiochemical Pu r i t y  

- T L C  (Appendix A - 
systems B, C, D, E, 
and F) 

T r i t i um Label S t a b i l i t y  

C1-680-3~ (Base) 

Yellow 

Free base i n  
benzene so lu t ion  

64.9 
27.7 

3 GLC mass peaks from CI-680- H (base) 
having ident ica l  chromatographic p r o f i l e s  
and re ten t ion  times as authentic CI-680 
(base) were detected; no iod precursor 

was detected. Chemical p u r i t y  i s  
estimated as >9%. 

(I , ,  see Figure 1) t o  CI-680- 3 H (base) 

3 3 A major H spot from Cl-680- H (base) 
having the same R f  as authentic Cl-680 
was detected i n  f i v e  TLC systems. 
Reference analogues (see Figure 1) I ,  II, 
I I I, and I V  were resolved from CI-680-3H 
In a t  leas t  one TLC system and detected 
i n  the maximum amounts o f  1.1%, 0.02%, 
<0.1%, and 0.3%. respectively; one o ther  
un ident i f ied  radiochemical impurity of 
0.2% was detected i n  one TLC systen; no 
other radiochemical impur i t ies were 
detected. The radiochemical p u r i t y  i s  
estimated as 37.6%. 

Same as Cl-680- H ( c i t ra te ) .  
See Table 2. 

3 
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3 
Table 2. Sumnary o f  Characterization o f  Cl-680- H (Ci t rate) 

Pa rame t e r  

Color 

Chemical Form 

Speci f i c  A c t i v i  t y  

mC i /mol e 

uCi/mg (sa l t )  

uCi/mg (base) 

E l  anen ta  1 Ane 1 ys i s  

Calc C 61.53% 
H 5.81% 
N 4.49% 

U l t r a v i o l e t  Analysis 

i n  neOH 

In f ra red  Anal ys i s  

Chromatography 
(Appendix A - 
systems 8. 0, E. 
and F) 

Tr i t ium Label Stabi 1 i t y  

c I -680-3H 

Ye1 l o w  
Ci t ra te  Sa l t  

51.6 (measured) 

82.7 (measured) 

119 (calculated) 

60.95%. 60.88% 

5.91%, 5.85% 
4.43%. 4.46% 

)r 281 14600 

238 6 20200 

Authentic ci-680 

Yellcm 
Ci t ra te  Sa l t  

A 281 ( 14700 

I 238 ( 20500 
The I R  of  Cl-680- 3 H ( c i t ra te )  i s  iden t ica l  t o  

the I R  o f  authent ic CI-680. 

A major 3H spot from Cl-680-3H (c i t ra te )  
having the same Rf  as authent ic t i -680 was 
detected i n  four TLC systems. Reference 
analogues (see Figure 1 )  I I I. Il l. and I V  
were resolved fran CI-680-gH (c i t ra te )  i n  a t  
leas t  one TLC system and detected i n  the 
maximum amounts o f  I.%, 0.04%. O.Os”/,. and 
0.04%, respect ively;  one other un ident i f ied  
impuri ty o f  0.3% was detected i n  one TLC system; 
no other radiochemical impur i t ies were de:ectad. 
The radiochemical p u r i t y  i s  estimated as >s8.0%. 

The t r i t i u m  a c t i v i t y  i n  C I - ~ O - ~ H  ( c i t ra te )  i s  
non- labi le a t  room temperature f o r  a t  leas t  18 
hours i n  water and aqueous solut ions o f  0.1 1 
NaOH, 0.1 N H C l ,  1 N NaOH. and 1 N HCI,  and 
a t  100°C fGr a t  lea;; 2 hours i n  NaOH. 
As much as 11.3% o f  the t r i t i u m  a c t i v i t y  can 
be removed by heating on a steam bath i n  
4 HCl f o r  2 hours. See Table 3. 
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Table 3. Results of T r i t i u m  Label S t a b i l i t y  Experiments 

Experiment 

on Cl-680-3H 

Test Cond i t i  onsa 

HZO, 18 hours 

0.1 1 NaOH, 18 hours 

0.1 HCl. 18 hours 

1 NaOH, I 8  hours 

1 I! HCI, 18 hours 

4 i  NaOH, steam bath 2 hours 

4 HCI,  steam bath 2 hours 

% 3H i n  
Chloroform Phase 

89.3 

90.4 

94.2 

92.8 

94.9 

90.9 

82.5 

b 

289  

b 
% 3H I n  

Aqueous Phase 

2.8 

2.3 

0.3 

3.4 

0.2 

! .6 

11.3 

aExperiments 1-5 were conducted a t  roan temperature (approximately 25OC). 
See Appendix 8. 

3 bThe % H i n  the chloroform and aqueous phases i s  based on the measured 
tritium content o f  3 m l  of stock so lu t i on  p r i o r  t o  any pH adjustments 
o r  extract ion,  
detect ion o f  zO.OS%. 

The s e n s i t i v i t y  o f  these experiments permitted the 
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APPENDIX A:  CHROMTOGRAPHIC METHODS 

Cl-680-3H and the authent ic reference compounds (Figure 1) were 

chromatographed together by the ascending technique on t h in  layers of 

s i l i c a  gel and aluminum oxide u n t i l  the solvent f ron t  was IS cm from the 

o r ig in ,  Using techniques i n  l i q u i d  s c i n t i l l a t i o n  spectrometry, the 

radiochromatograms were scanned f o r  t r i t i u m  by measuring the dpm 

each o f  the 1 cm sections along the chromatographic lane from the 

o r i g i n  t o  the solvent f ron t .  

3 H on 

The TLC systems are l i s t e d  below: 

sys tell Solvent Solvent Composition 
____ ~~ ~ ~ ~~ ~~ 

A 511 i ca  Gel Hexane:Et2NH, 5: 1 

Hexane:Et NH, 5 : l  

EtOAc 

8 A1203 2 

C 2'3 

0 S i l i c a  Gel EtOAc:Et2NH. 30:l 

E A1203 EtOAc:Et2NH, 30:l 

F S i l i c a  Gel Acetone:MeOH:NH40H, 90:30:1 

APPEI'COIX 6: TRITIUM STABILITY TESTS ON CI-680-3H (CITRATE) 

A stock so lu t ion  of Cl-680-3H (c i t ra te )  in water was prepared as 

follows: 4.3 mg CI-680- 3 H ( c i t ra te )  was mixed vigorously w i th  30 ml 

d i s t i l l e d  water, f i l t e r e d  and d i l u ted  w i t h  water to  exact ly 50 m l .  The 

Stock so lu t ion  was analyzed f o r  t r i t i u m  content per 3 m l  a l iquo ts  p r i o r  

to  any o f  the fo l lowing experiments. Experiment 1 - A 3 m l  a l i quo t  o f  the 

stock so lu t ion  was allcwed to stand a t  rocm temperature fo r  18 hours, then 

adjusted t o  0.1 fi NaOH w i th  the add i t ion  o f  1 m l  0.4 fi NaOH and extracted 

w i th  6 m l  chloroform. Experiment 2 - A 3 m l  a l i quo t  o f  the stock so lu t ion  
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was adjusted t o  0.1 5 NaOH w i t h  the add i t ion  o f  1 m l  0.4 l NaQH. allowed 

t o  stand 18 hours a t  roan temperature and extracted w i t h  6 m l  chloroform. 

Experiment 2 - A 3 m l  a l i quo t  o f  the stock so lu t i on  was adjusted t o  0.1 1 

HCI w i t h  the add i t ion  o f  1 m l  0.4 1 H C l  and allowed t o  stand I8 hours a t  

room temperature. The tes t  medium was then adjusted t o  0.12 NaOH w i th  the 

add i t ion  of 1 m l  1 l NaOH and extracted wi th  6 m l  chloroform. 

A 3 m l  a l i quo t  o f  the stock so lu t i on  was adjusted t o  1 5 NaOH wi th  1 m l  

4 2 NaOH. allowed t o  stand a t  room temperature f o r  I8 hours and extracted 

w i t h  6 m l  chloroform. Experiment 5 - A 3 m i  a l i q u o t  o f  the stock so lu t ion  

was adjusted t o  12 HCI w i t h  the add i t ion  o f  1 m l  4 N  HCl  and allowed t o  stand 

a t  room temperature f o r  18 hours. The t es t  medium was then adjusted to 

0.08 2 NaOH w i t h  the add i t i on  o f  1.1 ml 4 3 NaOH and extracted w i t h  6 m l  

Experiment 4 - 

chloroform. 

t o  4; NaOH with the add i t ion  o f  0.79 m l  19.3 

steam bath f o r  2 hours and extracted w i t h  6 m l  chloroform. 

A 3 m l  a l i quo t  o f  the stock so lu t i on  was adjusted to 4 2 HCl  w i th  the add i t ion  

o f  1.5 m l  12.13 

tes t  medium was adjusted t o  0.1 l laOH w i t h  0.96 m l  19.3 $ NaOH and extracted 

w i t h  6 m l  chloroform. 

Experiment 6 - A 3 ml a l i quo t  o f  the stock so lu t ion  was adjusted 

NaOH. heated a t  100°C on a 

Experiment 7 - 

HCI and heated a t  100°C on a steam bath fo r  2 hsurs. The 

I n  a l l  of the above experiments, the resu l t ing  aqueous and 

chloroform phases were separated and each was analyzed f o r  t o ta l  tritium 

content using techniques i n  l i q u i d  s c i n t i l l a t i o n  spectrometry. 
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