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SUMMARY 

Aurano f in  (1 ) ,  a phosphine g o l d ( 1 )  t h i o l a t e  a n t i a r t h r  
e f f e c t i v e  on o r a l  aa im in i s t ra t i on ,  was l a b e l l e d  s e p a r a t e l y  w i t h  
and 35s. 195Au- labe l led  a u r a n o f i n  19 was made f r o m  H195AuC14.3H20 
v i a  t h e  i n t e r m e d i a t e  c h l o r o ( t r i e t h y 1 p G s  h i n e ) q o l  d-195Au (18). Auranof i n  
3 s  (23)  was prepared u s i n g  th iou rea -3 tS .  The s y n t h e t i c  r o u t e s  f o r  19 
and 2 3 x e r e  s i m i l a r  t o  those  used f o r  u n l a b e l l e d  1. However, a u r a n o f i n - 3 q  
( 2 8 ) T a s  made by t h e  novel ,  d i r e c t  c o u p l i n g  o f  t h e  l:J2complex (2,3,4,6-tetra- 
- Ozcetyl-1-thio-8-D-qlucopyranosato-?)gold (7) w i t h  
s i z e d  f rom 32PCl (-24). The l a b e l l e d  compounds were used i n  pharmacok ine t ic ,  
t i s s u e  d i s t r i b u t ? o n a n d  metabo l ism s tud ies .  

p ( c ~ H 5 ) ~  (3) synthe-  

Keywords: Auranof in,  Ant 
Phosphorous-32 

a r t h r i t i c ,  Gold(1) T h i o l a t e ,  Gold-195, 
Su 1 f u r  -35. 

INTRODUCTION 

Aurano f in  (1) ( 'R idau ra ' ,  Smith K l i n e  and French Labora to r ies ) ,  a 

phosphine coo rd ina ted  g o l d ( 1 )  t h i o l a t e  has been found use fu l  i n  t r e a t i n g  

rheumato id  a r t h r i t i s  (RA) when admin i s te red  o r a l l y . 1 y 2  Th is  compound, whose 

assiqned s te reochemis t r y  has been conf i rmed by X-ray c r y s t a l l o g r a p h i c  ~ t u d i e s , ~  

i s  p r e s e n t l y  undergo ing  e x t e n s i v e  c l i n i c a l  i n v e s t i g a t i o n  and d i f f e r s  i n  a 

numher o f  ways f rom t h e  t r a d i t i o n a l  c h r y s o t h e r a p e u t i c  agents g o l d  sodium 

t h i o m a l a t e  (2) (Myochrysine) and q o l d  t h i o g l u c o s e  (3) (So lgana l ) .  A l though 

* Authors t o  whom correspondence should he addressed. 

$ C . A. n ame : 
( t r i  e thy lphosph i  ne )qo l  d. 

( 2 , 3 , 4,6 - T e t r  a-2-acety l -l - B-g-g 1 ucopyranos a t  o -2)- 
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water soluble, 1. and 3 must be administered by i n j e c t i o n  i n  order  t o  be e f f e c -  

t i v e .  

l i n e  mater ia l ,  appears t o  have a more r a p i d  onset o f  a c t i o n  i n  RA p a t i e n t s  

5 and has a longer h a l f - l i f e  . 
f i l e  shows marked d i f f e rences  compared w i t h  1. and 3 . 

Compared w i t h  2, o r a l l y  a c t i v e  auranof in  (l), a l i p o p h i l i c  c r y s t a l -  
4 

I n  addi t ion,  au rano f in ' s  pharmacological pro-  

6 

Na02CCHSAu 

R 
0 
I 2 - 1 R= CH3C- - 

H 

3 - 

Atomic absorption spectrophotometric ana lys i s  o f  t he  gold content  o f  excreta 

from twelve p a t i e n t s  r e c e i v i n g  1 showed 95% of t he  recovered gold t o  be i n  the  

feces and 5% i n  the  u r ine .  This con t ras ts  w i t h  2 where 70% o f  the recovered 

gold was found i n  the  u r i n e  and 30% i n  t h e  feces.5 Radioactive forms o f  1 
were requ i red  t o  study i t s  absorption and metabolism. Described here are the 

syntheses o f  auranof in  (1) l a b e l  l e d  separate ly  w i t h  the  inorganic  r a d i o a c t i v e  

isotopes lg5Au, 32P and 35S. These m a t e r i a l s  have been employed i n  

pharmacokinetic and t i s s u e  d i s t r i b u t i o n  s tud ies o f  1.7 
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RESULTS AND D I S C U S S I O N  

Because o f  i t s  convergent nature, t h e  p rev ious l y  described8 preparat ion 

of un label led 1 (Scheme I) provided the  bas is  f o r  t he  present r a d i o a c t i v e  

synthes is  o f  both auranofin-lg5Au (Scheme 11) and a ~ r a n o f i n - ~ ~ S  (23) 

(Scheme 111). An a l t e r n a t e  procedure was chosen f o r  t h e  synthes is  o f  

a ~ r a n o f i n - ~ * P  (28) (Scheme I V ) .  Chloro(triethy1phosphine)gold (g), a key 

in termediate i n  the  synthesis 23 as we l l  as 1, i s  made by reduc t i on  o f  ch lo ro -  

a u r i c  ac id  (4) t o  g i ve  the  water-soluble chloro(thiodiethanol)gold(I) (a). 
Reaction o f  6, formed i n  s i t u ,  w i t h  t r i e thy lphosph ine  ( I )  gives S which separ- 

ates from the  aqueous s o l u t i o n  as a s o l i d .  The carbohydrate moiety i s  made i n  

standard fashion 

bromoglucose (12) f o l l owed  by treatment w i t h  th iou rea  t o  g i ve  the  anomeric 

s a l t  14 requ i red  f o r  t he  synthesis o f  1, 19 and 2. Alka l i ne  hyd ro l ys i s  o f  Ift 
t o  generate i n  s i t u  the  potassium s a l t  15 fo l lowed by a d d i t i o n  o f  S and coup- 

l i n g  y i e l d s  1. Sim i la r l y ,  rad io lab led  gold was incorporated i n t o  1, i .e. 19 
i n  t h e  same fashion by coup l i ng  15 w i t h  chloro(triethy1phosphine) g ~ l d - ~ ~ ~ A u  

(18). The l a t t e r  compound was made by reduc t i on  o f  aur ic- lg5Au t r i c h l o r i d e  

t r i h y d r a t e  (16) i n  0.1N H C l  f o l l owed  by a d d i t i o n  o f  t r i e thy lphosph ine  ( I ) .  

(19) - 

9 by conversion of D-glucose pentaacetate (11) t o  aceto- 

I nco rpo ra t i on  o f  35S was achieved by r e a c t i n g  t h i ~ u r e a - ~ ~ S  (0) w i t h  

acetobromoglucose (11) t o  g i ve  t h e  isoth iouronium s a l t  21 i n  58% y i e l d .  

A l ka l i ne  hyd ro l ys i s  o f  a fo l lowed by a d d i t i o n  o f  S and coupl ing gave 

a ~ r a n o f i n - ~ ~ S  (23) i n  o v e r a l l  y i e l d  o f  19% based on t h i ~ u r e a - ~ ~ S  (20). 
P r i o r  t o  prepar ing a u r a n ~ f i n - ~ ~ ~  (28) two a l t e r n a t e  routes were con- 

sidered. The f i r s t  envisioned synthes is  o f  chlor~(triethylphosphine-~~P)- 

go ld  (9) and coupl ing i n  the  usual manner w i t h  5 t o  g ive the product 8. A 

second was d i r e c t  r e a c t i o n  of t r i e t h y l p h ~ s p h i n e - ~ * P  (26) w i t h  the  1 :1 complex 
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(Z13,4,6-tetra-O-acetyl  -1 - t h i  o-5-D-glucopyranosato-S)gold (27). 
had been r e p o r t e d  p r e v i o u s l y  t o  g i v e  u n l a b e l l e d  a u r a n o f i n  (1) i n  h i g h  y i e l d J O  

T h i s  approach 

A l though bo th  r o u t e s  r e q u i r e  t h e  p r e p a r a t i o n  of t r i e t h y l p h o s p h i n e - j L P ,  t h e  

l a t t e r  would g i v e  t h e  f i n a l  p roduc t ,  28, w i t h  fewer  m a n i p u l a t i o n s  o f  r a d i o -  

l a b e l l e d  phosphorous compounds by e l i m i n a t i n g  t h e  need f o r  i n t e r m e d i a t e  =. 
This  i s  p a r t i c u l a r l y  impor tan t  because o f  t h e  v o l a t i l i t y  (b.p. 126-128OC) and 

py rophor i c  n a t u r e  o f  1. 
r e i a t i v e l y  s h o r t  h a l f - l i f e  (14.3 days) underscores  t h e  need f o r  reduced hand- 

l i n g .  Based on these  cons ide ra t i ons ,we  e l e c t e d  t o  pursue t h e  second r o u t e  as 

shown i n  Scheme I V .  

The h i g h  energy  6-emission o f  32P t o g e t h e r  w i t h  i t s  

The monocoordinate g o l d ( 1 )  t h i o l a t e  27 was made by r e a c t i n g  a w i t h  t h e  

po tass ium s a l t  15 prepared i n  s i t u  (see Exper imenta l ) .  The p r e c i p i t a t e  wh ich  

formed was c o l l e c t e d ,  washed w i t h  wa te r  and d r i e d  i n  vacuo t o  g i v e  i n  96% 

y i e l d .  Th is  m a t e r i a l  may be r e c r y s t a l l i z e d  (1X) f rom i sop ropano l -e the r  (rn.p. 

146-148OC) S ince  1 :1 g o l d ( 1 )  t h i o l a t e s  a r e  o l i g o m e r i c 2  and a d d i t i o n a l  

m a n i p u l a t i o n  may inc rease  t h e  degree o f  p o l y m e r i z a t i o n  r e n d e r i n g  them i n s o l -  

ub le ,  27 was used d i r e c t l y  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

T r i e t h y l p h o ~ p h i n e - ~ ~ P  (g), made by a d d i t i o n  o f  32PC13 (4) t o  e t h y l -  

l i t h i u m  (2) i n  hexane, was added t o  an a c e t o n i t r i l e  s o l u t i o n  o f  27. 
which i n c l u d e d  chromatography on F l o r i s i l ,  c r y s t a l l i z a t i o n  and f i n a l  p u r i f i c a -  

t i o n  by HPLC gave 28 i n  14.7% y i e l d  based on 27. 

Workup, 
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- Scheme I11 

Auranofin -35S (a) 

12 - > 
20 - 

R 

K2C03 
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Scheme I V  

Auranofin -32P (28) 

23 - 

LiC2H5 ---+ 32P(CzH5)3 

26 - 25 - 

RO OR Et332PAuC1 

29 - 
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EXPERIMENTAL 

A ~ r i c - ~ ~ ~ A u  t r i c h l o r i d e  t r i h y d r a t e  (16) (20 m C i - c a r r i e r  f r e e )  i n  1.0 nl o f  

0.5 N HC1 ( c h l o r o a u r i c  a c i d )  was purchased f r o m  New England Nuclear,  Boston, MA. 

and u n l a b e l l e d  c h l o r o a u r i c  a c i d  (A) f r om Engelhard I n d u s t r i e s  Inc .  

-32P t r i c h l o r i d e  (4) was purchased f r o m  h e r s h a m  Corpora t ion ,  A r l i n g t o n  He igh ts  

I 1  1 i n o i s .  

( t r ie thy1ophosphine)gold (23) was syn thes i zed  by New England Nuc lear  by a p r o -  

cedure t h a t  was developed i n  ou r  l a b o r a t o r y  and desc r ibed  i n  t h i s  paper. Ch loro  

( t r i e t h y l p h o s p h i  n e ) g o l d  ( S )  was prepared as repo r ted8  as were t h e  v a r i o u s  

sugar d e r i v a t i v e s  (11, 12, 14, 15J.899 

Phosphorous 

Su l fu r -35  1 abel  l e d  (2,3,4,6-tetra-g-acetyl  -B-~-glucopyranosato-S)- 

D i s t i l l e d  water  i s  used i n  a l l  i ns tances  where water  i s  i nd i ca ted .  Tempera- 

t u r e s  r e p o r t e d  a r e  cen t ig rade .  Radiochemical  p u r i t y  was de termined by TLC 

rad ioscan  u s i n g  a B e r t h o l d  scanner model LB2760. Ana l tech  S i l i c a  Gel GF TLC 

p l a t e s  were used; UV l i g h t  a t  254 nm was used t o  v i s u a l i z e  t h e  separa ted  com- 

ponents. The s p e c i f i c  a c t i v i t i e s  were determined by l i q u i d  s c i n t i l l a t i o n  count -  

i n g  u s i n g  an i n t e r n a l  s tandard  method w i t h  an Amersham Sear le  Mark I 1 1  l i q u i d  

s c i n t i l l a t i o n  coun te r  model 6880. P r e p a r a t i v e  l i q u i d  chroimatography (3) was 

c a r r i e d  o u t  on a Bondapak C18/Porasi l  B (37-75 m ic ron )  column (7mm x 61 cm) 

i n  c o n j u n c t i o n  w i th  an A l t e x  pump and LDC Spect romoni to r  111 UV de tec to r .  

C h l o r o ( t r i e t h y 1 p h o s p h i  ne )go l  d - l  95Au( 18 )  

A s o l u t i o n  o f  20 m C i  o f  c a r r i e r - f r e e  au r i c - l g5Au  t r i c h l o r i d e  t r i h y d r a t e  i n  

0.5 m l .  o f  0.1 N HC1 was d i l u t e d  w i t h  a s o l u t i o n  o f  0.79 g (2.0 mmol) o f  un- 

l a b e l l e d  c h l o r o a u r i c  a c i d  i n  1.0 m l  o f  water.  The r e s u l t i n g  y e l l o w  s o l u t i o n  

was coo led  t o  5'. A s o l u t i o n  o f  0.40 g (4.0 mmol) o f  Z ,Z ' - t h iod ie thano l  i n  

2.0 m l  o f  i s o p r o p y l  a l c o h o l  was added s l o w l y  and t h e  r e a c t i o n  was s t i r r e d  a t  

5' f o r  10  min. A s o l u t i o n  o f  0.26 g (2.2 mmol) o f  t r i e t h y l p h o s p h i n e  (7) i n  
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1.5 m l  o f  i s o p r o p y l  a l coho l  was added s l o w l y  caus ing  a p r e c i p i t a t e  t o  form. 

S t i r r i n g  was con t inued  a t  5' f o r  1 h r ,  t h e  p r e c i p i t a t e  was then  f i l t e r e d  and 

washed w i t h  a minimum o f  c o l d  water.  The w h i t e  s o l i d  was d r i e d  a t  ambient 

tempera ture  i n  vacuo t o  g i v e  0.43 g (60.7% y i e l d )  o f  - 18. Radiochemical  p u r i t y  

was 97.8% (e thy lace ta te -hexane 1 :1 v /v ) .  

- P u r i f i c a t i o n  o f  Chloro(triethylphosphine)gold-195Au(18) 

A s o l u t i o n  o f  0.43 g (1.21 mmol) o f  chloro(triethylphosphine)gold-'g5Au (18)  - 

d i s s o l v e d  i n  1.0 m l  o f  d ich lo romethane was p laced  on a pre-packed s i l i c a  g e l  

column (60-200 mesh). The column was e l u t e d  w i t h  d ich lo romethane and mon i to red  

r a d i o l y t i c a l l y .  The r a d i o a c t i v e  f r a c t i o n s  were combined and concen t ra ted  

va iuo  y i e l d i n g  a c l e a r  o i l  t h a t  s o l i d i f i e d  t o  a w h i t e  s o l i d  on s tand ing .  A f t e r  

d r y i n q  a t  ambient tempera ture  i n  vacuo, t h e  s o l i d  weighed 0.42 g (99% recovery )  

(2,3,4,6, -Te t ra  -0-acetyl -l - th io -B -D-g1 ucopyranosato-S) ( t r i e t h y l p h o s p h i  n e ) -  

9 1 d - l g 5 A u  (19)  

A s o l u t i o n  o f  0.62 g (1.27 mnol)  o f  l-thio-2,3,4,6-tetraa~etate-l-carbamimidate- 
9 8-D-glucopyranose monohydrobromide (3) i n  1.6 m l  me thy l  a l c o h o l  and 1.4 m l  

o f  water  was coo led  t o  5'. A f t e r  10 min, a s o l u t i o n  o f  0.233 g (1.69 mnol) 

o f  potassium carbonate  i n  1.9 m l  o f  water  was added s l o w l y  caus ing  a w h i t e  

s o l i d  t o  p r e c i p i t a t e .  The r e a c t i o n  was s t i r r e d  a t  5' f o r  10 min  then  r e -  

moved f rom t h e  c o o l i n g  bath.  A s o l u t j o n  o f  0.42 g (1.21 mno l )  o f  c h l o r o -  

( t r iethylphosphine)gold-195Au (Is) i n  3.0 m l  o f  me thy l  a l c o h o l  was added s low-  

ly .  The r e a c t i o n  was a l lowed t o  warm t o  ambient tempera ture  ove r  1 h r  d u r i n g  

which t i m e  t h e  p r e c i p i t a t e  red i sso l ved .  The r e a c t i o n  s o l u t i o n  was f i l t e r e d  

thcouqh a 2 mm c e l l u l o s e  f i l t e r  cake t o  remove p a r t i c u l a t e  m a t e r i a l .  The cake 

wa; washed w i t h  1.0 m l  o f  methy l  a l c o h o l  and t h e  washing was combined w i t h  t h e  

-- 
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filtrate. The filtrate was diluted with 1.5 ml of water, seeded and cooled to 

5' (1 hr). The crystalline solid was collected and washed with 2.0 ml of a 

cold methyl alcohol: water mixture (1:l v/v). The white solid was dried at 

ambient temperature in vacuo to give 0.35 g (43% yield) of 19. Radiochemical 

purity was 97.4%; specific activity 8.80 mCi/mmol; (toluene-ethyl acetate- 

hexane-ammonium hydroxide 60:40:10:0.2 v/v). This material was recrystallized 

by dissolving in a minimum of methyl alcohol at ambient temperature, then add- 

ing water until the solution began to turn cloudy. The solution was seeded 

and cooled. The resulting precipitate was collected and dried giving an 80"L 

recovery. 

1 -Thi o - ~ ~ S - ~  ,3,4,6-tetraacetate-1 -carbamimi date- B-D-g1 ucopyranose monohydro- 

bromide (21) 

To a solution of 1.3 ml of a acetic acid saturated with hydrogen bromide gas 

cooled to 15-20' was added 0.672 g (1.72 mmol) of D-glucose pentaacetate 

(11). The reaction was stirred at ambient temperature for 1 hr. The reaction 

was poured into 10 ml of ice water causing a white solid, acetobromoglucose 

(12), - to precipitate (this intermediate is unstable on standing). The solid 

was collected, dissolved in chloroform and washed with water followed by a 

solution of saturated sodium bicarbonate. The chloroform solution was dried 

over magnesium sulfate and concentrated in vacuo to give 0.65 g (91% yield) of 

- 12 as a gum. A solution of 0.22 g (0.54 mmol) of 11 in 0.7 ml o f  acetone was 

treated with 0.072 g (0.95 mmol) of t h i ~ u r e a - ~ ~ S  (57.2 rnCi with a specific 

activity of 60.4 mCi/mmol). The solution was refluxed for 1.0 hr and cooled 

to 5' causing a white solid to precipitate. The solid was filtered, washed 

with cold acetone, and dried in vacuo at ambient temperature to give 0.153 g 

(58% yield) of 1. An additional 0.014 g was obtained from the mother liquors. 
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- (2,3,4,6-Tetra-O-acetyl -l -thi 0- B-D-glucopyranosato-S) (tri ethylphosphi ne)gold 

-35S (23) 

A solution o f  0.167 g (0.34 mmol) of l-thio-2,3,4,6-tetraacetate-l -carbamimi- 

date- B-D-gluc~pyranose-~~S monohydrobromide (21) in 0.4 ml methyl alcohol 

and 0.3 ml of water was cooled t o  5'. After 10 min 1.17 g (8.48 mmol )  of 

potassium carbonate in 10 ml of water was added slowly causing a white solid 

to precipitate. The reaction was stirred at 5' for 10 min then removed from 

the cooling bath. A slurry of 0.115 g (0.33 mmol) of chloro(triethy1phosphine)- 

gold ( S )  in 0.7 ml of methyl alcohol was added slowly. The reaction was allowed 

to warm to ambient temperature over 45 min during which time the precipitate 

redissolved. 

cipitated. The mixture was stirred for 30 min and then filtered. The wet cry- 

stals were dissolved in 1.6 ml of methyl alcohol and filtered. The filter fun- 

nel was washed with 0.7 ml of methyl alcohol. Water (3.0 ml) was added to the 

filtrate and the filtrate was cooled to 0' causing a solid t o  precipitate. 

The crystals were isolated by filtration and dried in a dessicator over P2O5. 

The dried white solid weighed 0.136 g (59% yield). The overall radiochemical 

yield from t h i ~ u r e a - ~ ~ S  was 19%. The radiochemical purity was 98.0% 

(toluene-ethyl acetate-hexane-ammonium hydroxide 60:40: 10: 0.2 v / v )  ; specific 

activity was 43.7 mCi/mmol. 

- (2,3,4,6-Tetra-3-acetyl-l -thi o-B-D-glucopyranosato-S)gold (27) 

To a solution of 2.75 g (22.54 mmol) of 2,2'-thiodiethanol in 4.0 ml of iso- 

propyl alcohol at 5' was added a solution of 2.47 g (6.26 mmol) of chloro- 

auric acid in 3.0 ml of water while maintaining the temperature at 5-10'. 

The addition was accompanied by the precipitation of a red solid which redis- 

solved immediately yielding a colorless solution. After stirring the reaction 

-- 

The reaction was cooled to 0'. After 10 min a white solid pre- 
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at 5' for 12 min a solution of 1.68 g (12.2 mol) of potassium carbonate and 

2.4 g (6.59 mmol) of 2,3,4,6-tetra-0-acetyl-l-thio-B-D-glucopyt-ano~e~ dis- 

solved in a mixture o f  12.0 ml of water and 5.0 ml of ethyl alcohol was added 

slowly. The addition was accompanied by foaming and the precipitation of a 

white solid. The reaction was stirred at 5' for 0.5 hr. 

tered, washed thorouqhly with water and dried at ambient temperature in vacuo 

giving 3.39 g (96% yield) of x. 
(2,3,4,6-Tetra-O-acetyl-l-thio- B -D-glucopyranosato-S)(triethylphosphine)gold- 

The solid was fil- 

32P (28) 

A solution of ethyllithium in benzene (27.5 ml, 34.4 mmol) under an argon at- 

mosphere was diluted with 8 ml of toluene and then cooled in a dry ice-acetone 

bath. To this solution was added 0.76 g (5.5 mmol) of phosph~rous-~~P tri- 

chloride (131 mCi). 

in an ice bath and quenched slowly with 4.5 ml of 10% sodium hydroxide. The 

organic layer was separated, dried over magnesium sulfate and added to a solu- 

tion of 2.45 g (4.4 mmol) of 27 in 7.0 ml of acetonitrile. The reaction was 

stirred at ambient temperature for 15 min. An excess of 0.71 g (6.5 mmol) of 

unlabelled triethylphosphine ( I )  was added to ensure complete reaction. The 

reaction mixture was stirred at ambient temperature for an additional 15 min, 

then concentrated in vacuo yielding a yellow oil. The oil was eluted through 

a Florisil column (100-200 mesh), with dichloromethane. The eluent upon 

concentration in vacuo gave an oil which was dissolved in 6.0 ml o f  methyl 

alcohol, diluted with water to the cloud point (6.0 ml), then cooled. The 

product separated as a qum; it was removed and redissolved in 8.0 ml of methyl 

alcohol. An additional 0.5 g (0.737 mmol) of unlabelled (2,3,4,5-tetra-O-acetyl - 

-1 -thio-B-g-glucopyranosato-Z) (triethy1phosphine)gold (1) was dissolved in the 
methyl alcohol, followed by enough water to reach the cloud point (11.0 ml). 

The reaction was warmed slowly to 50' for 30 min, cooled 
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The s o l u t i o n  was coo led  i n  an i c e  ba th  and seeded. A w h i t e  s o l i d  separated, 

i t  was c o l l e c t e d ,  washed w i t h  a methy l  a l coho l -wa te r  m i x t u r e  (1 : l  v / v )  and 

d r i e d  a t  ambient tempera ture  i n  vacuo t o  g i v e  0.44 g (2% rad iochemica l  y i e l d  

o f  3). Radiochemical  p u r i t y  was 99.2% ( t o luene-ch lo ro fo rm-methy l  a l c o h o l  

60:40:10 v / v )  s p e c i f i c  a c t i v i t y  was 0.46 mCi/mmol. 

- P u r i f i c a t i o n  o f  (2,3,4,6-tetra-O-acetyl-l - t h i  0- 6-D-g1 ucopyrenosato-S) ( t r i e t h y l -  

- phosphi n e ) q ~ l d - ~ ~ P  (28)  

P u - i f i c a t i o n  o f  0.44 g (0.73 mnol)  o f  3 was ach ieved by p r e p a r a t i v e  l i q u i d  

chromatoqraphy w i t h  methy l  a l coho l  -0.01M NaH2P04 (65:35) as t h e  m o b i l e  

phase. U l t r a - v i o l e t  l i g h t  (254 nm) was used f o r  d e t e c t i o n .  The main  f r a c t i o n  

was concen t ra ted  y i e l d i n g  an o i l  which was r e d i s s o l v e d  i n  11.0 m l  o f  a methy l  

a lcoho l -water  (7:4 v / v )  s o l u t i o n .  Water was added u n t i l  t h e  c l o u d  p o i n t  was 

reached (10  m l ) ;  t h e  s o l u t i o n  was seeded and coo led  t o  5'. The s o l i d  was 

f i l t e r e d ,  washed w i t h  a smal l  amount o f  a me thy l  a l coho l -wa te r  m i x t u r e  (1 : l  

v / v )  and d r i e d  a t  ambient tempera ture  i n  vacuo y i e l d i n g  0.32 g (64% recovery ) .  

Radiochemical p u r i t y  o f  8 was 99.2% ( to luene-ch lo ro fo rm-  methy l  a l c o h o l  60: 

40:lO v / v ) ;  s p e c i f i c  a c t i v i t y  was 0.46 mCi/mmol. 

ACKNOWLEDGEMENT 

The au tho rs  thank D r .  0. Blackburn,  L. Weaner and L. Petka o f  Smith K l i n e  

and French L a h o r a t o r i e s  and D r .  S. Gupta o f  New England Nuc lear  f o r  t h e i r  

ass i s tance  i n  t h i s  work. 



195Au, 32P and 35S-LabelZed Auranofin 3 75 

REFERENCES 

1. (a)  F i k e l s t e i n ,  A.E., Walz, D.T. and Ba t i s ta ,  V.-Ann. Rheum. Dis. 35: 251 

(1976 ; (b) Berglof, F.E., Berglof, K. and Walz, D.T.-J. Rheumatol. 5: 68 

(1978 ; ( c )  F inke ls te in ,  A.E., Roisman, F.R., Ba t i s to ,  V.,  de Nudelman, 

F.G.,  de T i t t o ,  E.H., M i z r a j i ,  M. and Walz, D.T.-J. Rheumatol. 7: 160 

(1980). 

2. For reviews p e r t a i n i n g  t o  go ld i n  b io logy  and medicine see the  fo l l ow ing :  

(a) Sadler, P.J.-Struct. Bonding. 29: 171 (1976); Gold B u l l e t i n  - 5: 110 

(1976); (b) Shaw, C.F.-Inorg. Perspect. B io l .  Med. - 2: 287 (1978); ( c )  Brown, 

R.H. and Smith, W.E. Chem. SOC. Rev. 8: 217 (1980). 

H i l l ,  D.T. and Sutton, 6.M.-Cryst. St ruct .  Corrmun. 9: 679 (1980). 3. 

4. Ref. l a  and b. 

5. Got t l ieb,  N.L.-3. Rheumatol. (suppl )  5: 61 (1979). 

6. Walz, D.T., DeMartino, M.J., Chakrin, L.W., Sutton, B.M. and Misher, A.-J. 

Pharm. Exp. Therap. 197: 142 (1976). 

7. (a) Go t t l i eb ,  M.L.-Proceedings Therapeutic Innovat ion i n  Rheumatoid 

A r t h r i t i s :  Worldwide Auranofin Symposium, Montreal , Canada, October 20-21, 

1981. Proceedings t o  be published as a supplement t o  The Journal o f  

Rheumatology (1982). (b)  Blocha, K . ,  Furst, D.E., Landaw, E., Dromgoole, 

S., Bomberg, A. and Paulus, H.E. i b i d .  ( c )  In tocc ia,  A.P., Flanagan, T.L. 

e t  a l ,  i b i d .  

8. Sutton, B.M., McGusty, E., Walz, D.T. and DiMartino, M.J., J. Med. Chem. 

- 15: 1095 (1972). 

Horton, D.-Methods i n  Carbohyd. Chem. 2: 435 (1963). 9. 

10. H i l l  D.T., Lantos, I. and Sutton, 5.M.-U.S. pat. 4,133,952; C.A. 90 12,5499 

(1979). 




