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SYNTHESIS OF BENZYLIC CARBON-14 LARELLED TLTLORUTEROL-MC1 

Vasant V. Ranade 
Biotransformation Section, Drug Metabolism Department 
Abhott Lahoratories, North Chicago, IL, 60064, U.S.A. 

SUMMARY 

Tulobuterol'HCl, a B-adrenergic bronchodilating agent, 
was labelled with carbon-14 in the benzylic position 
for metabolism studies. 
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Tulohuterol (I) is a sympathomimetic amine which is clinically effective as a 

3-adrenergic bron~hodilatorl-~. 

this agent, methylene carbon-14 labelled tulobuterol (11) was synthesized . 
However, i n  rat , guinea pig and rabbit metabolism studies, a portion of the 

carbon-14 dose was eliminated in the expired air as radiolahelled carbon dioxide, 

therefore indicating that the side chain of the molecule was oxidized. To avoid the 

loss of radioactivity as 14C02 during metabolism, it was decided to label 

tulobuterol in a more metabolically stable position. This paper describes the 

synthesis of benzylic carbon-14 labelled tulobuterol (111). 

In an effort to determine the metabolic fate of 
4 

5 6 

Earlier synthetic wbrk" consisted of labelling tolubuterol at the honobenzylic 

position (as in 11) and this was done using carbon-14 labelled diathyl malonate as 

the starting material (Figure 1). 

For the synthesis of 111, a similar approach was adopted. The present 

approach, however, involved use of carbon-14 lahelLed bariun carbonate, a 

0362-4803/84/04038149$01 .OO 
@ 1984 by John Wiley & Sons, Ltd 

Received October 26. 1983 
Revised January 16, 1984 



382 V.  V. Ranade 

* 
11, X = -CH- ; Y = -a2- 

1 
OH 

* 
111, x = -CR- ; Y = -Cli2- 

I 
011 

* Position of the carbon-14 l a b e l .  

Figure 1 

0 

1. Mg : C2H50H 

2 .  o-Chlorobenzoyl c h l o r i d e  (&!-$H3 
3. H 2 0  : H 2 S 0 4  

c1 
1. (CH3)  3CNH2 

2. NaBH4 : HC1 
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radiochemical that is routinely available and comparitively less expensive. 

Thus, following the scheme which i s  outlined in Figure 2, chemically and 

radiochemically pure tulobuterol (111) was ohtained and this material was 

used for  metaholism studies in animals. 

Synthesis of 2-chlorohenzoic acid-I4C (V) was achieved by carbonation of 

the lithio derivative of 2-chlorobromobenzene, which was prepared according to the 

method described by Gilman et a17. 

chloride (VI) which was subseqently treated with the magnesium derivative 

of diethyl malonate. The resulting magnesium complex was then hydrolyzed and 

The acid (V) was then converted to the acid 

Figure 2 

I V  
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V I  

ME ; cZn5oH 
Diethyl malonate 
H20 ; H+ 

r 
c1 

,222 @yCH * 3  

V I I  

decarboxylated in the presence of acid (the reaction mechanism involved in the 

hydrolysis process of the intermediate diethyl malonate derivative may be referred 

t o  as *AC2) t o  give ~ - c h l o r o a ~ e t o p h e n o n e - ~ ~C (VII). 

desired compound, 111 was then carried out using essentially the procedure used 

Conversion of VII to the 
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8 f o r  t he  s y n t h e s i s  of u n l a b e l l e d  t u l o b u t e r o l  . I n  t h i s  way about 3 m C i  of carbon- 

14 l a b e l l e d  (111) w a s  ob ta ined .  Th i s  m a t e r i a l  had a s p e c i f i c  a c t i v i t y  of 6.62 

mCi/mMole. 

EXPERIMENTAL 

o-Chlorobenzoic Acid-14C (V) 

A s o l u t i o n  (1.3 m l ;  2 nMole) of 2 - b u t y l  l i t h i u m  i n  hexane w a s  kept  at 

-95 t o  -100". To t h i s  s o l u t i o n  was added s lowly ,  w i th  s t i r r i n g  5 ml s o l u t i o n  

of anhydrous e t h y l  ether c o n t a i n i n g  3 d o l e  of 2-chlorobromohenzene and t h e  f l a s k  

w a s  kep t  a t  -95 t o  -100" f o r  40 minutes w i t h  s t i r r i n g .  To t h i s  s o l u t i o n ,  2 mMole 

of carbon-14 l a b e l l e d  C02 ( r e s u l t i n g  from about 50 nCi of carbon-14 l a b e l l e d  RaC03 

and 210 mg of u n l a b e l l e d  BaC03) was  then  vacuum t r a n s f e r r e d  and allowed t o  r e a c t ,  

f i r s t  a t  -95 t o  -100" f o r  20 minutes  and then  a t  -70" f o r  20 miniites. A f t e r  t h i s  

pe r iod ,  t h e  f l a s k  was removed and kep t  i n  an ice-ba th .  To t h e  cooled  c o n t e n t s  were 

added 2 nl of 6 N H2S04 and 5 m l  of H 2 0 ,  and t h e  mix tu re  was e x t r a c t e d  wi th  e t h e r .  

The e t h e r  l a y e r  was s e p a r a t e d  and s o l v e n t  e t h e r  was removed comple te ly  under 

vacuo. 

wi th  e t h e r .  

e x t r a c t e d  wi th  e t h e r .  The e t h e r  l a y e r  w a s  t hen  s e p a r a t e d  and s o l v e n t  e t h e r  w a s  

removed comple te ly  under vacuo. The m a s s  spec t rum of t h e  r e s i d u e ,  270 mg, w a s  

compat ib le  wi th  the  a s s igned  s t r u c t u r e . E  (Low-Resolution, EI): 111, 139 (base  

peak) ,  156 (M"). To t h i s  r e s i d u e  w a s  added 860 mg o f  u n l a b e l l e d  2 -ch lo robenzo ic  

a c i d  and t h e  e n t i r e  s o l i d  was d i s so lved  i n  e t h e r .  So lven t  e t h e r  w a s  then  removed 

comple te ly  under vacuo and t h e  r e s i d u e  w a s  d r i e d  under P205. Th i s  s o l i d  weighed 

1.13 gm and had a s p e c i f i c  a c t i v i t y  of 6.91 m C i / m M o l e .  I R  (KBr):-C- of -C-OH a t  

1695 cm-', benzene r i n g  a t  1595, 1572, 1480 and 750 cm-'. 

CDC13):aromatic p ro tons  a t  8.1-7.2 ppm. 

r ad iochemica l ly  pure  by th in - l aye r  chromatography ana lyses :  

W4OH (28-30%) (60:40:2, v / v / v ) ;  and 2. CXCl3:MeOH:YC02H (88%) (95:5:2, v f v f v ) .  

The r e s i d u e  w a s  t hen  t r e a t e d  w i t h  10 ml of 2 N Na2C03 s o l u t i o n  and e x t r a c t e d  

The a l k a l i n e  l a y e r  was s e p a r a t e d  and made a c i d i c  w i t h  6 N H2SO4 and 

2 R 

'H-NMIZ (90 M H Z ;  

This  m a t e r i a l  was a t  l e a s t  98% 

1. CHC13:MeOR: conc. 
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o-Chlorobenzoyl Chloride-14C (VI) 

To 1.1 gm (48.78 m C i )  of 2-chlorobenzoic  acid-14C (V), 16 m l  of f r e s h l y  

d i s t i l l e d  S0C12 w a s  added and the c o n t e n t s  were heated t o  g e n t l e  r e f l u x  wi th  

s t i r r i n g  f o r  4 hours.  

s l o w  d i s t i l l a t i o n  and the  remaining S0Cl2 was removed us ing  dry benzene (2 x 

20 m l )  t o  g ive  V I  as an o i l y  r e s idue .  

A f t e r  t h i s  pe r iod ,  about 11 m l  of S0Cl2 w a s  removed by 

o-Chloroa~etophenone-~~C (VII ) 

Under n i t r o g e n ,  t o  165 mg of magnesium i n  3 d of a b s o l u t e  e t h a n o l ,  300 ~1 

of CC14  w a s  added and the  mixture  w a s  heated t o  g e n t l e  r e f l u x  f o r  1 hour. 

t h i s  pe r iod ,  a s o l u t i o n  of 1 gm of d i e t h y l  malonate i n  6 m l  of a b s o l u t e  e thano l  

and 3 m l  of anhydrous e t h y l  e t h e r  w a s  added dropwise and the  mixture  w a s  heated t o  

g e n t l e  r e f l u x  f o r  3 hours .  A f t e r  t h i s  p e r i o d ,  a s o l u t i o n  of a c i d  c h l o r i d e  (VI) i n  

8 m l  of anhydrous e t h y l  e t h e r  w a s  added dropwise and t h e  con ten t s  were heated t o  

g e n t l e  r e f l u x  f o r  2 hours.  

u n t i l  a l l  t he  s o l i d  d i s so lved .  The e t h e r  phase was sepa ra t ed  and the  aqueous l a y e r  

w a s  e x t r a c t e d  with an a d d i t i o n a l  50 ml of e t h e r .  The e t h e r  e x t r a c t s  were combined 

and washed with water  and the  so lven t  w a s  removed by slow d i s t i l l a t i o n .  To t h e  

crude r e s i d u e  thus  obtained was added a s o l u t i o n  of 15 ml g l a c i a l  acetic a c i d  and 

1.5 m l  of conc. H2S04 and 12 ml of water and t h e  mixture  was heated under r e f l u x  f o r  

4 hours.  The r e a c t i o n  mixture  was then  c h i l l e d  i n  an ice-bath,  made a l k a l i n e  with 

25% NaOH s o l u t i o n  and e x t r a c t e d  with s e v e r a l  p o r t i o n s  of e t h e r .  The combined 

e t h e r e a l  e x t r a c t s  were then washed with H20 and d r i e d  wi th  anhydrous Na2S04, and 

t h e  s o l v e n t  was removed by slow d i s t i l l a t i o n  t o  g ive  an o i l y  r e s idue .  Mass spectrum 

of t h i s  r e s i d u e  i n d i c a t e d  formation of t he  d e s i r e d  substance.  

E I ) :  

r ad iochemica l ly  pure by thin- layer  chronatography a n a l y s i s  u s ing  CHC13 as the 

s o l v e n t .  

A f t e r  

The r e a c t i o n  mixture  w a s  cooled and shaken wi th  H2S04 

yS (Low-Resolution, 

This material was  found t o  be a t  l e a s t  99% 111, 139 (base peak),  154 (M+'). 
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o-Chlorophenyl-glyoxa~.-14C (VIII) 

To a hea ted  s o l u t i o n  ( a t  50-60") of 1.3 gm of Se02 i n  50 d of p-d ioxane  and 

0.3 ml of H 2 0  w a s  added V I Z  and t h e  c o n t e n t s  were hea ted  t o  g e n t l e  r e f l u x  wi th  

s t i r r i n g  f o r  4 hours .  Af t e r  t h i s  p e r i o d ,  t h e  r e s u l t i n g  mixture  was f i l t e r e d  and 

the  s o l v e n t  from the  clear f i l t r a t e  was removed comple te ly  under vacua when a 

r e s i d u e  was ob ta ined .  To t h i s  r e s i d u e ,  150 m l  of e t h y l  e t h e r  w a s  added and t h e  

e t h e r  l a y e r  w a s  s e p a r a t e d .  

anhydrous Na2S04. 

under vacuo. The inass spectrum of t h i s  material, V ' L I I ,  i n d i c a t e d  fo rma t ion  of t h e  

d e s i r e d  subs t ance .  yS (Low-Resolution, E I ) :  

Th i s  e t h e r  l a y e r  was then  washed wi th  1120 and d r i ed  w i t h  

It was then  f i l t e r e d  and s o l v e n t  e t h e r  was removed comple te ly  

111 ,  139 (base  peak) ,  168 (M"), 169. 

o-Chloro-a-( tert-hutylaminomethy1)benzyl a l c o h o l  H C d 4 C  (111) 

The r e s i d u e ,  VIII, was d i s s o l v e d  i n  20 ml of dry  methanol and t o  i t  a s o l u t i o n  

of 1.6 gm of t -bu ty l amine  i n  10 nl of dry  methanol was added a t  room tempera ture  and 

the  c o n t e n t s  were s t i r r e d  under n i t r o g e n  f o r  45 minutes .  A f t e r  t h i s  p e r i o d ,  i t  w a s  

cooled i n  an ice-ba th  and 2 x 250 Ice-ba th  was then removed 

and t h e  c o n t e n t s  were s t i r r e d  a t  room t empera tu re  under n i t r o g e n  f o r  18 hours. 

A f t e r  t h i s  p e r i o d ,  t h e  s o l v e n t  w a s  removed under vacuo and t h e  r e s i d u e  was d i s so lved  

i n  50 m l  of 15% HC1 s o l u t i o n .  Th i s  a c i d i c  l a y e r  w a s  washed wi th  e t h e r  and made 

a l k a l i n e  wi th  K2C03 s o l u t i o n  and e x t r a c t e d  wi th  e t h e r .  

washed wi th  water and s o l v e n t  ether w a s  removed comple te ly  under vacuo. The r e s i d u e  

thus  o b t a i n e d ,  was d i s so lved  i n  23 m l  of 10% H C 1  s o l u t i o n .  Th i s  a c i d i c  s o l u t i o n  was 

l y o p h i  l i z e d  and t h e  r e s i d u e  was p u r i f  i e d  by ion-exchange column chromatography. 

Th i s  p u r i E i c a t i o n  was c a r r i e d  ou t  u s i n g  Amber l i te  CG-50 r e s i n  (200-400 mesh) i n  t h e  

NH4+ form. E l u t i o n  w a s  done s u c c e s s i v e l y  w i t h  0.2, 0.5 and 1% NH40H s o l u t i o n .  

F r a c t i o n s  c o n t a i n i n g  the d e s i r e d  subs t ance  were combined and t h i s  s o l u t i o n  was 

l y o p h i l i z e d .  The r e s i d u e  ob ta ined  a f t e r  l y o p h i l i z a t i o n  w a s  d i s s o l v e d  i n  10 m l  of 5% 

H C l  s o l u t i o n ,  f i l t e r e d  through 0.45 urn f i l t e r  and t h e  c l e a r  s o l u t i o n  was l y o p h i l i z e d  

t o  g i v e  a gumny r e s i d u e .  Th i s  r e s i d u e  w a s  t hen  t r i t u r a t e d  wi th  anhydrous e t h e r  when 

of NaRI14 w a s  added. 

The e t h e r  l a y e r  was then  
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a crystalline solid separated. It was collected on a filter 

mg of 111. 

and dried to give 116 

IR (KRr): OH at 3350 cm-', anine salt at 2700-2300 cm- , benzene ring at 

1575, 1480 and 760 cm-l. 

-kH-OH - at 5.4 ppm, -CH2N- at -3.1 ppm, -C(CH3l3 at 1.4 ppm. 

CD30D):benzene ring at 128.7 (2 carhons), 130.6, 130.8, 132.7 and 139.8 ppm, -AII-OH 

at 67.7 ppm, -CH2- at 58.4 ppn, -(CH3)3 at 25.8, -C(CH3)3 not visible. 

Resolution, EI): 

about 10.7% incorporation of the carbon-14 at the desired position i n  the molecule. 

'H-NKR (90 MHz, CD30D):aromatic protons at -7.R-7.2 ppm, 

13C-NFlR (22 MHz, 

MS (Low- 

86 (base peak), 194, 212, 227 (M+*>, 228. This analysis indicated 

DETERYINATION OF CHEMICAL AND RADIOCHEMICAL PURITY AN3 

IDENTITY OF TULOBUTEROL-HC1 (111) 

Thin-Layer Chromatography 

A sample of I11 was spotted on Silica Gel GF plates (250 LI) which were 

developed in the solvent systems listed below: 

X Radiochemical 
Rf Purity - Solvent System 

1. CHCI3:MeOH:NH40H (28-30%) (75:20:2, v/v/v) 0.85 99.75 

4. Et0Ac:MeOH:Triethylamine (50:50:5, v/v/v) 0.83 99.35 

2. Dich1oromethane:MeOH:gl. AcOH (60:40:2, v/v/v) 0.83 99.76 
3. CHC13:Me0H:HC02H (88%) (60:40:2, v/v/v) 0.79 99.66 

5. n-Hexane:MeOH:NH40H (28-30%) (20:80:2, v/v/v) 0.88 98.23 

The silica gel was sequentially scraped from each plate and placed into vials 
containing 10 ml of Instagel Cocktail and the radioactivity was determined by 

scintillation counting. The results, based on the distribution of radioactivity 

along the length of the chromatographic plates indicated that tulobuterol-HC1 (111) 

was at least 98% radiochemically pure. 
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High-pressure Liquid Chromatography Radioanalysis 

The liquid chromatographic analysis was performed using Waters Associates 

Liquid Chromatograph Model 96000A equipped with Rheodyne injector. The ahsorp- 

tion medium was Waters U-Rondapak/Cl8 ( 4  mm x 30 cm) and DuPont Instrument IN 

spectrophotometer (wavelength 262 nm) was ustd for detection. Solvent systen 

containing 1.4 gm of Na-lauryl sulfate, 10 ml of ,+cetic acid, 320 ml of H 2 0  

and 700 ml of MeOH was used for elution. The flow rate was 1.5 ml/min and 1500 

p.s.i. pressure was ohtainerl. Under these conditions, I and 111 showed retention 
times of 4 . 2 4  and 4.21 minutes, respectively. In order to establish radiochemical 

purity using high-pressure liquid chromatography, fractions of the effluent (0.75 

m1/0.5 min) were collected directly in vials containing 10 ml of Instagel and the 

radioactivity was determined by scintillation counting. The results o f  this 

anal.ysis indicated that I11 was at least 99% radiochemically pure. When an 

aliquant of the solution used in this analysis was placed directly into the vial 

and counted under identical conditions, the recovery of radioactivity from the 

column was found to be 102%. 

Chemical Assay 

A sample of 111 was analyzed using high pressure liquid chromatography and 

conditions described earlier. This assay indicated that this material was about 977; 

chemically pure. 

Ultraviolet Absorption Spectroscopy 

The samples of I and 111, prepared in methanol, exhihited absorption at 262.8 
nrn and 261.2 nm respectively, thereby indicating their chemical identity. 
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