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Summary 

We repor t  here  the synthes is  of t r i t i a t e d  cromolyn d i e t h y l  e s t e r  of 
high s p e c i f i c  a c t i v i t y  and acceptable  s t a b i l i t y  f o r  use i n  i n  v i t r o  and i n  vivo 
models of experimental asthma i n  the guinea pig. 
a t e d  precursor ,  1,3-bis-(2-acetyl-3-hydroxy -6-bromophenoxy)-2-propanol, 
followed by c a t a l y t i c  debromination with tritium gas and two subsequent synthe- 
t i c  s t e p s  a t forded t r i t i a t e d  cromolyn d i e t h y l  e s t e r  with a s p e c i f i c  a c t i v i t y  of 
135 mCi/mg (71 Ci/nrmol). 

Key Words: Cromolyn, 1,3-bis-(2-acetyl-3-hydroxy-6-bromophenoxy) 

Preparat ion of an a r y l  bromin- 

-2-propanol, c a t a l y t i c  debromination, deuterium, tritium. 

In t roduct ion  

Cromolyn i s  a s t r u c t u r a l l y  unique drug t h a t  i n h i b i t s ,  but does not re -  

Although the prec ise  mechanism of verse ,  antigen-induced bronchoconstriction.l 

ac t ion  of cromolyn i s  unclear ,  i t  appears t o  block the r e l e a s e  of chemical me- 

d i a t o r s  of Type I h y p e r s e n s i t i v i t y  reac t ions  from mast c e l l s . 2  

t h e r e  i s  evidence t h a t  i t  i n h i b i t s  vagal  r e f l e x  pathways through i t s  e f f e c t s  on 

i r r i t a n t  receptors3;  these ac t ions  presumably explain i t s  b e n e f i c i a l  e f f e c t  i n  

the  prevention of a l l e r g i c  a s  wel l  a s  exercise-induced a ~ t h m a . ~  

In addi t ion ,  

Due t o  the  poor absorpt ion of cromolyn across  the  g a s t r o i n t e s t i n a l  

t r a c t  a f t e r  o r a l  inges t ion ,  the  drug i s  used t o p i c a l l y  i n  humans.5 

a t i o n  raises a l o g i c a l  quest ion a s  t o  the access of the  drug t o  i t s  p r i n c i p a l  

t a r g e t  a rea ,  i.e., mast c e l l s  and i r r i t a n t  receptors ,  which a r e  both s i t u a t e d  i n  

t h e  s u b e p i t h e l i a l  compartment i n  mammalian airways. Furthermore, the  recent  ob- 

se rva t ion  t h a t  lung f i b r o b l a s t s  and a lveolar  macrophages may a l s o  be a source of 

This observ- 
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arachidonic  a c i d  metabol i tes  including the prostaglandins  and l e ~ k o t r i e n e s , ~ - 7  

suggests  another p o t e n t i a l  unexplored s i t e  of ac t ion  by cromolyn. I n  order t o  

i n v e s t i g a t e  these i s s u e s ,  we repor t  here ,  the  successfu l  synthes is  of rad io la -  

bel led cromolyn of high s p e c i f i c  a c t i v i t y  (71 Ci/mmol) and acceptable  s t a b i l i t y  

f o r  use i n  i n  v i t r o  Ussing chambers f o r  measurement of b i o e l e c t r i c  proper t ies  

and b i d i r e c t i o n a l  t ranspor t  of cromolyn across  airway and g a s t r o i n t e s t i n a l  epi-  

t h e l i a . 8  

r e l a t i v e l y  pure populations of airway e p i t h e l i a l  c e l l s  may permit s t u d i e s  of 

binding and uptake of 3H-cromolyn9 by the  e p i t h e l i a l  c e l l s  and a lveolar  macro- 

phages u t i l i z i n g  autoradiographic  and immunofluorescent techniques. 

In addi t ion ,  the  technique of disaggregat ion and i s o l a t i o n  of 

Nonspecif ical ly  labe l led  cromolyn5 has been prepared a t  lower s p e c i f i c  

a c t i v i t y  by c a t a l y t i c  exchange with tritium gas but i s  not a v a i l a b l e  i n  the 

United S t a t e s .  The chemistry of unlabel led cromolyn has  been discussed i n  

de t a i  1 elsewhere. l o  

Discussion 

The synthe t ic  scheme employed f o r  t r i t i a t e d  cromolyn d i e t h y l  e s t e r  i s  

shown i n  Figure 1. 

compound was obtained a s  a s o l i d .  lH-NMR ind ica ted  monobromination of both aro- 

matic r i n g s  a s  evidenced by an AB q u a r t e t  ( see  Experimental Sec t ion  f o r  s p e c t r a l  

d a t a ) .  Since bromination a t  the  4 p o s i t i o n  would g ive  the same m / e  value and 

s imi la r  aromatic s i g n a l s  by lH-NMR as the  6-bromo product, a d d i t i o n a l  s t r u c t u r a l  

v e r i f i c a t i o n  was required t o  d i s t i n g u i s h  between the  two poss ib le  isomers. Upon 

a c e t y l a t i o n  (Ac20/pyridine) of 2, the  lH-NMR spectrum showed a 0.37 ppm down- 

f i e l d  s h i f t  f o r  the proton or tho t o  the ace ty la ted  phenolic hydroxyl with no 

s h i f t  change f o r  the proton or tho t o  the  bromine. Therefore, t h e r e  must be a 

proton or tho t o  the phenolic hydroxy and the  bromine must be i n  the  6 p o s i t i o n  

s ince  a proton i n  t h i s  pos i t ion  should not experience a u h i f t  change upon ace- 

t y l a t i o n .  I n  an attempt t o  introduce t h e  l a b e l  as near to t h e  end of the  

synthes is  a s  poss ib le ,  2 was t r e a t e d  with d i e t h y l  oxylate. i n  e thanol  i n  the 

Upon bromination of 2 with bromine i n  a c e t i c  ac id ,  a pure 
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FIGURE 1 
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presence of sodium ethoxide under cond i t ions  of a C la i sen  condensation t o  a f f o r d  

t h e  dibromo d e r i v a t i v e  of 2. 
under 1.0 a t m  of H2 i n  t he  presence of 5 %  Pd/C and t r i e thy lamine  r e s u l t e d  not 

only i n  debromination but also i n  r educ t ion  of t he  l a b i l e  ke to  carbonyl func- 

t i o n s  loca t ed  ad jacen t  t o  the  e s t e r  f u n c t i o n s .  A l t e r n a t i v e l y ,  

1,3-bis-(Z-acetyl-  3-hydroxy-6-bromophenoxy)-2-propanol (2) underwent debromin- 

a t i o n  smoothly under t h e  same cond i t ions  wi th  hydrogen ,and deuterium gas  t o  

a f f o r d  4a without  r educ t ion  of t h e  a r y l  carbonyl  func t ion .  Some scrambling d id  

occur as evidenced by mass s p e c t r a l  a n a l y s i s  of deuterium incorpora t ion  i n t o  $a 

which i s  no t  unusual f o r  r educ t ions  ca t a lyzed  by palladium. Actual  deuterium 

incorpora t ion  p r e d i c t e d  a s p e c i f i c  a c t i v i t y  upon t r i t i a t i o n  of -69 Ci/mmol. 

duct ion of 2 with tritium gas  under i d e n t i c a l  cond i t ions  a f fo rded  $ with a 

s p e c i f i c  a c t i v i t y  of 71 Ci/mmol which was converted t o  t r i t i a t e d  cromolyn 

d i e t h y l  e s t e r  ($1 i n  two subsequent s t e p s  with a s p e c i f i c  a c t i v i t y  of 71  Ci/mmol 

(135 m C i  /mg) . 
propanol ($1 t o  t h e  d i e s t e r  2 with d i e t h y l  o x a l a t e  and eodium ethoxide i n  e tha-  

no l  was accomplished by a mod i f i ca t ion  of t h e  procedure previously r e p o r t e d l l  

f o r  t h e  non labe l l ed  compound i n  order  t o  b e t t e r  f a c i l i t a t e  a much smaller  s c a l e  

and handl ing of l a b e l l e d  product.  It was found t h a t  a r e a c t i o n  time of 2.0 h 

was s u f f i c i e n t  f o r  complete conversion of 2 t o  t h e  un labe l l ed  d e r i v a t i v e  of t h e  

d i e s t e r  2 a s  opposed t o  20 h r epor t ed  previously.  

h e l p f u l  i n  circumventing t h e  ex tens ive  radiochemical decomposition which nor- 

mally accompanies t h e  h e a t i n g  of high s p e c i f i c  a c t i v i t y  compounds f o r  ex tens ive  

pe r iods  of time. Subsequently,  2 was r e f luxed  20 min i n  abso lu te  e thano l  i n  the  

presence of a c a t a l y t i c  amount of H C 1  t o  a f f o r d  t r i t i a t e d  cromolyn d i e t h y l  e s t e r  

($1 i n  13% y i e l d  based upon 4. Attempts were made t o  convert  t he  l a b e l l e d  dies-  

t e r  5 t o  t he  d i a c i d ,  cromolyn, by the  r epor t ed  procedureLo which involved 

h e a t i n g  t h e  d i e s t e r  i n  b o i l i n g  e t h a n o l  i n  the  presence of aqueous 1.0 N NaOH. 

Employing t h i s  procedure f o r  t he  high s p e c i f i c  a c t i v i t y  d i e s t e r  and a lower 

However, a t t empt s  t o  debrominate t h i s  compound 

Re- 

Conversion of 1,3-bis-(-Z-acety1-3-hydroxy-[ 6-3H] -phenoxy 1-2- 

This  s h o r t e r  r e a c t i o n  time i s  
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s p e c i f i c  a c t i v i t y  sample (from i s o t o p i c  d i l u t i o n )  a f fo rded  only decomposition 

products .  

a concen t r a t ion  of 0.316 m C i / m l  and showed no d e t e c t a b l e  decomposition a f t e r  4 

weeks by TLC-radioscan. 

The pure product 6, was s t o r e d  a t  4OC i n  abso lu te  e thano l  s o l u t i o n  a t  

Experimental  Procedures 

A l l  chemicals were used a s  obtained from the  manufacturer.  Melting 

p o i n t s  were obtained on a Thomas Hoover Melting Po in t  Apparatus and a r e  uncor- 

r ec t ed .  'H-NMR s p e c t r a  were obtained on a JEOL FX-60 60 MHz FT spectrometer  

using CDCl3 o r  (CD3)CO (TMS) a s  so lven t .  Gas-liquid chromatography was pe r fo r -  

med using a Shimadzu GC-8A (FID) chromatograph (2.0 m g l a s s  column, 3% OV-17 on 

chromasorb, 30 m l / m i n ) .  Radio-purity was determined us ing  an Autochron LB-2722 

radioscanner .  T r i t i um was counted using a Packard Liquid S c i n t i l l a t i o n  Counter 

Model 3255 ( i n t e r n a l  s t anda rd )  with S c i n t i v e r s e R  ( F i s h e r )  count ing so lu t ion .  

S i l i c a  g e l  p l a t e s  (UV) were used f o r  TLC a n a l y s i s .  Elemental  compositions of 

novel compounds were determined by high r e s o l u t i o n  mass spectrometry using an 

AEX MS-902 mass spectrometer .  

6). This  compound was prepared 

from 2,6-dihydroxyacetophenone and epibromohydrin according t o  the  procedure 

previously reported. ' l  

CtI2C12-ethyl a c e t a t e  9 : l )  was 20% of a l i g h t  yellow s o l i d ;  mp = 166 - 168OC 

( l i t . l l  165 - 166OC). 

(m, 5H, -OCH?CHOH&~-),  2.77 ( 8 ,  6H, CH3CO). 

The y i e l d  a f t e r  chromatography ( s i l i c a  g e l  60, CH2C12, 

IH-NMR (6) (CD3)2CO (TMS) 7.58 - 6.48 (m, 6H, A t & ) ,  4.44 

1.3-Bis~2-acet~l-3-h~drox~-6-bromo~henoxvf-2-propanol (22. 

100 mg (0.278 mmol) of powdered 2 i n  3 m l  of g l a c i a l  a c e t i c  a c i d  was added drop- 

wise 89 mg (0.555 mmol) of bromine i n  1.0 m l  of g l a c i a l  a c e t i c  ac id .  During the  

a d d i t i o n ,  a s o l u t i o n  was obtained fol lowed by p r e c i p i t a t i o n  of t he  product while  

s t i r r i n g  20 min a t  room temperature.  The p r e c i p i t a t e  was f i l t e r e d ,  washed with 

e t h e r  and d r i e d  t o  a f f o r d  274mg (62%) of product a s  a l i g h t  yellow s o l i d ,  mp = 

To a suspension of 
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168 - 17OoC. lH-NMR (6) (CD3)2CO (TMS) 7.69 ( d ,  2H, Ar%), 6.67 (d,  2H, A r b ) ,  

4.44 (m, 5H, - O ~ B O H & O - ) ,  2.79 ( 8 ,  6H a C 0 ) ;  m/e 5115.9422 (C1$18Br207 re-  

q u i r e s  515.9422). 

1,3-Bis(2--6-%] -phenoxy)-2-uropano1 ( 4 ) .  

mg (0.135 mmol) of 2 and 200 ~1 of t r i e thy lamine  i n  3.0 m l  of dry THF was st ir-  

r ed  f o r  3 h a t  room temperature under 1.0 a t m  of deuterium gas i n  t h e  presence 

of 1 5  mg of 5% Pd/C. 

C e l i t e  column and the  v o l a t i l e 6  removed under a stream of N2. The r e s idue  was 

p a r t i t i o n e d  between CH2C12-H20 and t h e  o rgan ic  l aye r  d r i e d  (Na2S04) and evapor- 

a t e d  i n  vacuo t o  a f f o r d  43 mg (88%) of pure d e u t e r a t e d  product;  mp = 163 - 

166OC. 

(m, 5H, -OC&CIJOHCH?O-), 2.76 ( 6 ,  6H, 3 C O ) ;  mass spectrometry i n d i c a t e s  do = 

1.72%, d l  = 9.892, dg = 48.07%, d3  = 29.74%, d4 = 9.23%, dg = 1.35%. 

A s o l u t i o n  of 70 

The r e a c t i o n  suspension was f i l t e r e d  through a small  

'H-NMR ( 6 )  (CD3)2CO (TMS) 7.47 (d,  2H, ArQ), 6.62 (d,  2H, A r b ) ,  4.42 

Arvl T r i t i a t e d  Cromolvn Diethvl  Es t e r  ( 6 ) .  

of 2 and 100 111 of t r i e t h y l m i n e  i n  0.5 m l  of dry THF was s t i r r e d  f o r  3 h a t  

room temperature under 5.0 C i  (0.086 nrmol) of c a r r i e r  f r e e  tritium gas i n  t he  

presence of 10 mg of 5% Pd/C. 

p ipe t  column t o  remove t h e  c a t a l y s t  and t h e  f i l t r a t e  evaporated i n  vacuo. The 

r e s i d u e  was d i s so lved  immediately i n  6.0 m l  of CH2C12, e x t r a c t e d  twice with H20, 

d r i e d  (Na2SOq) and the  volume ad jus t ed  t o  1 0  m l  with CH2C12. 

was s i l a t e d  f o r  2 h with R e g i s i l  

using 1,3-bis(p-methoxyphenoxy)-2-propanone as an i n t e r n a l  s t anda rd  and a l s o  di-  

l u t e d  and sub jec t ed  t o  l i q u i d  s c i n t i l l a t i o n  count ing t o  a f f o r d  a s p e c i f i c  

a c t i v i t y  of 71 Ci/mmol. The t o t a l  y i e l d  of 4 was 1.02 C i  and was found t o  be > 

95% radiochemical ly  pure by TLC-radioscan (SiO2:CH2C12--EtOAc 9 : l ) .  

was evaporated i n  vacuo and t h e  r e s i d u e  (-1.01 C i ,  0.014 mmol of 4) w a s  d i s s o l -  

ved i n  2.0 ml of benzene and 1.0 m l  of abso lu t e  e thano l .  Th i s  s o l u t i o n  was 

t r e a t e d  wi th  10 mg (0.07 mmol) of d i e t h y l  o x a l a t e  and 0.091 mmol of 1.16 M etha-  

n o l i c  sodium ethoxide and r e f luxed  f o r  2 h. The s o l v e n t s  were evaporated 

A s o l u t i o n  of 19.4 mg (0.0375 mmol) 

The r e a c t i o n  was f i l t e r e d  through a Celite-NagSOq 

A 100 p 1  a l i q u o t  

and q u a n t i t a t e d  by gas - l iqu id  chromatography 

The CH2C12 
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- vacuo and the  res idue  swir led with 820. The aqueous suspension was ex t rac ted  

with e ther ,  a c i d i f i e d  with 1.0 N HC1 and the  cloudy suspension ex t rac ted  with 

CH2C12. 

a f f o r d  crude 5, which was dissolved and re f luxed  f o r  20 min i n  3.0 m l  of absolu te  

e thanol  and 1 drop of 1.0 N H C l .  

6. 
absolute  e thanol .  After  a t tempts  were made t o  saponify t h i s  d i e s t e r ,  125 m l  of 

t h e  above so lu t ion  was concentrated and p u r i f i e d  by prepara t ive  TLC using a 20 

cm X 20 cm X 0.25 mm s i l i c a  g e l  60 (F-254) p l a t e  with au thent ic  cromolyn d ie thyl  

e s t e r  as a re ference  s tandard (CH2C12-methanol 95:5, Rf = -0.65) t o  a f f o r d  31.6 

m C i  (13% based upon 4 )  of > 95% pure cromolyn d i e t h y l  e s t e r  ($1. 

was s tored  a t  4OC i n  absolute  e thanol  a t  a concentrat ion of 0.316 m C i l m 1 .  

The organic e x t r a c t s  were d r i e d  (Na2S04) and evaporated i n  vacuo t o  

TLC-radioscan ind ica ted  '75% p u r i t y  of crude 

The v o l a t i l e 6  were removed in .vacuo and t h e  res idue  taken up i n  500 m l  of 

The product 
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