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SYNTHESIS AND 3H NMR OF 3H-ALAPROCLATE OF HIGH SPECIFIC ACTIVITY 
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SUMMARY 

The antidepressant alaproclate (IJ i s  a select ive i n h i b i t o r  o f  neuronal 
serotonin reuptake w i th  1 ow af f  i n i  ty f o r  other receptor s i tes.  
(2 ,  2-( [ 2,5-3H2]-4-chl orophenyl)-2-methyl-2-propyl 2-aminopropanoate) wi th high 
spec i f i c  a c t i v i t y  (38 Ci /mo l )  was prepared by hydrogenolysis o f  i t s  2,5- 
d i b r m  analogue z with tritiun gas. 
step synthesis from 4-chlorotoluene. 
was v e r i f i e d  by 3H NMR. 

%-A1 aprocl ate 

The compound g was prepared i n  a seven 
The pos i t ion  of the t r i t i u m  incorporation 
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INTRODUCTION 

The antidepressant a1 aproclate (A) was developed on basis o f  the serotonin 

hypothesis.' The agent i s  a select ive i n h i b i t o r  of the neuronal serotonin 

reuDtake.2 I t s  low a f f i n i t y  f o r  other receptor s i t es  prompted the synthesis o f  

3H-labe11ed alaproclate f o r  b inding studies.2 Material w i th  an a c t i v i t y  

of more than 35 C i / m l  was required, i.e. a mininun o f  two t r i t iun a tom per 

molecule. Since it was desirable t o  l ab le  the aromatic nucleus, a convenient 

way o f  introducing the t r i t i u m  would be v ia  select ive hydrogenolys s. 

the d i b r m  analogue z was regarded as a sui table precursor since t would 

enable t h i s  transformation t o  be car r ied  out i n  the l a s t  step. 

Alaproclate (IJ has been prepared v ia  the alcohol 2,l  which i s  eas i l y  obtained 

by a Grignard react ion o f  4-chloroben~ylnagnesium ch lo r ide  and acetone, and we 

decided t o  adopt a s im i la r  approach i n  the synthesis o f  the key intermediate 2. 

Thus, 
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1 R=H 
2 R=Br 
3 R=3H 

RESULTS AND DISCUSSION 

4 R=H 
5 R=Br 

Attempts t o  se lec t ive ly  brominate 4-chlorobenzyl chlor ide i n  the aromatic r i n g  

fa i led.  Accordinqly, bromination had t o  be car r ied  out p r i o r  t o  func t iona l i z -  

ing  the meth.yl group. The i r o n  catalysed bromination o f  4-chlorotoluene ( 5 )  
required a concentrated react ion medium (Scheme 1). 

t i o n  took place i n  a modest y i e l d  due t o  fu r ther  bromination o f  the product g. 
Since a d i r e c t  Grignard react ion o f  the benzyl bromide 

fai led,  ,8 was converted v ia  the n i t r i l e  ,9 and ester ,lCJ (Scheme 1). 

react ion o f  8 wi th  cyanide we observed t h a t  the presence of the three halogens 

i n  the product 2 renders the a-hydrogens surpr is ing ly  acidic. 

n i t r i l e  2 was a lky la ted  w i th  the benzyl bromide 5 t o  a considerable degree 

during various standard procedures. 

react ing 8 wi th  an excess o f  tetrabutylamnonium cyanide I n  dichloromethane. 

The ethanolysis o f  2 was very slow compared t o  less subst i tuted analogues, 

again showing the inf luence o f  the bromo substi tuents. 

obtained i n  48% y i e l d  from 2. The fol lowing react ion w i th  methylmagnesium 

iodide afforded 59% o f  alcohol 5 ,  which was acyl ated w i th  2-bromopropionyl 

bromide. 

required a longer react ion time and the use o f  4-dimethylaminopyridine as 

ca ta lys t  t o  give u. This l a b i l e  compound was aminated d i r e c t l y  t o  give pure 2 
i n  23% y i e l d  from 5. 

The fo l low inq  a-bromina- 

t o  the alcohol ,5 
I n  the 

Thus, the 

This side-reaction was suppressed by 

The ester was 

Compared t o  the corresponding acylat ion o f  5,l the dibromo analogue 2 
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Br Br 

Br Br 
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CH&N d CI CH&OOEt 

Br Br 
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Br Br 

5 71 

2 3 

a: Fe (cat.), 6r2, CHCl,; 

d: conc. HZSO,, EtOH, CH,Cl,; 

CH,Cl,; g: l i q .  NH,, EtOH; h: ,H,, Pd/C, Et,N, DMF. 

b: 6r2, Na,CO,, CHC1,; c: (C,H9),NCN, CH2C1,; 

e: CH,WI, Et,O, THF; f: CH,CHBrCOBr, OMAP, 

I n  order t o  ascertain select ive hydrogenolysis o f  the two bromine atoms i n  the 

presence o f  a chlorine, the proper condit ions were elucidated from co ld  runs on 

n. 2. 

t o  be c r i t i c a l .  

wi th 1.6 equivalents of t r iethylamine and 5% Pd/C as catalyst .  

condlt ions 3H-alaproclate ($1 wi th  a spec i f i c  a c t i v i t y  o f  38 Ci/mnol was 

obtained by react ion of 2 wl'th t r i t i u m  gas. 

We found the choice of solvent and the r a t i o  o f  added m i n e  t o  substrate ,2 

The react ion was preferably performed i n  dimethyl formamide 

Under these 
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b 

L 
Fig. 1. 

3000 scans a t  212.8 MHz; a: proton decoupled spectrum, b: proton coupled 

spectrun and c: exDanded proton coupled spectrum. 

3H NMR spectra o f  3H-alaproclate (2, 40 m C i )  obtained a f t e r  
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T r i t i u m  FMR spectra confirmed the exclusive incorporation of tritium i n  the 

phenyl r i n g  of compound 2. I n  the proton decoupled spectrum, the expected para 

subs t i tu t ion  of the tritium atoms i s  supported by the presence o f  two uncoupled 

peaks o f  equal i n tens i t y  (Fig. la ) .  The f u l l y  coupled spectrum i s  consistent 

wi th t h i s  t r i t i a t i o n  pattern (ortho and meta 1H-3H couplings, Figs l b  and l c ) .  

EXPERIMENTAL 

Melt ing points were obtained on a Mett ler  FP 61 apparatus and are uncorrected. 

'H NMR spectra were recorded on a Varian EM 360A o r  a JEOL FX 200 spectrometer 

and 13C NMR on a JEOL FX 200 spectrolneter i n  CDC1, using Me,Si as in te rna l  

standard. 

200 spectrometer. Me,Si was used as a ghost-reference.3 The FMR sample was 

prepared as described i n  reference 3. Mass spectra (EI, 70 eVl were recorded 

on an LKB 9000 instrument (only the lowest isotope i s  indicated). 

analysis were perfonned by Analytische Laboratorium, Elbach, W. 

are w i th in  +0.4% o f  the theoret ical  values. 

from Amersham Internat ional  plc , Amersham, Bucks, Enqland. 

p u r i t y  was determined from TLC plates using a Berthold LB 283 TLC Linear 

Analyzer. HPLC was perfonned on a 0.6 x 25 an Whatman P a r t i s i l  PXS 10/25 ODS 

column eluted w i th  n-hexane/isopropanol/conc NH, (1000:30:1.5). 

was determined i n  a Packard l i q u i d  s c i n t i l l a t o r  counter (Model 3320) using 

B io f lour  (New England Nuclear) as the counting medium. 

3H NMR spectra were recorded i n  CD30D a t  212.8 MHz using a JEOL FX 

Elemental 

Germany and 

T r i t i u m  gas (98%) was purchased 

Radiochemical 

Radioact iv i ty 

2,5-Di bromo-4-chl o ro to l  uene (11. 
A mixture o f  4-chlorotoluene (5, 50.6 g, 0.40 moll, a ca ta l y t i c  amount (about 

2 g) o f  i r on  powder and 80 m l  CHC1, was heated to  30 "C i n  a 1 l i t e r  f lask. 

Bromine (41.2 ml ,  0.80 mol) was added with s t i r r i n g  a t  such a ra te  tha t  a con- 

t r o l l e d  evolut ion of HBr was maintained. The mixture was s t i r r e d  f o r  1 h a t  
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45 'C, cooled, d i l u ted  w i th  CHC1, and washed twice w i th  water. 

and evaporation i n  vacuo gave 119 g o f  a product contaminated w i th  a monobromo 

compound. 

Drying (Na,SO,) 

Recrys ta l l i za t ion  from ethanol/water gave 69.5 g (61%) o f  pure 1, mp 

92.5-93.5 'C. 

'H NMR (60 MHz) 6 2.35 ( 5 ,  31, 7.51 ( s ,  11, 7.65 ( 5 ,  1); MS, m/z ( r e l .  in t . ) :  

282 (M, SO), 247 (M - C1 , 21, 203 (M - Br, 100) , 123 (M - HBr - Br, 4). Anal. 

Calcd f o r  C,H5Br2C1: C, 29.56; H, 1.77; Br, 56.20; C1, 12.46. Found: C, 29.37; 

H, 1.75; Br,  56.35; C1, 12.41. 

2,5-Dibromo-4-chl orobenzyl bromide (El. 

A mixture o f  z (68.3 g, 0.24 mol), Br, (27 m l ,  0.52 moll and Na,CO, (58 g, 0.55 

mol) i n  600 m l  CHC1, was re f luxed f o r  3 h. The mixture was washed with water, 

dr ied (Na2S0,) and evaporated i n  vacuo. 

s t a r t i n g  material and 2,5-dibromo-4-chl orobenzal bromi de was recrystal  1 i zed 

from ethanol/water t o  give 45.6 g (52%) o f  pure f3, mp 65.5-66.5 'C. 

'H NMMR (60 MHz) 6 4.52 (s, 21, 7.72 and 7.76 (two s, 2); Anal. Calcd f o r  

C7H,Br3C1: C, 23.14; Br, 65.99; C1, 9.76. Found: C, 23.18; Br, 65.95; C1, 9.94. 

The crude product also Containing 

2,5-Dibromo-4-chlorophenyl acetonf t r i l e  ( 2 ) .  
Tetrabutyl ammonium cyanide was prepared according t o  Brandstrom4 by s t i r r i n g  

tetrabutylamoniun hydrogensulfate (109 g, 0.32 moll i n  350 m l  CH,C12 and 

32 m l  10 M NaOH a t  0 'C. 

50 m l  water was added. 

decanted, the residue extracted twice w i th  CH,Cl , and the combined organic 

phases dr ied (Na2S0,). 

so lu t ion  o f  8 (29.0 9, 0.080 mol) i n  CH2C12 was added w i th  s t i r r i n g .  

react ion was completed w i th in  15 min. 

made acidic wi th aqueous HC1. 

and evaporated i n  vacuo, leaving 23.8 q o f  a crude product. An ana ly t i ca l  

sample was rec rys ta l l i zed  from ethanol/water, np 106-108 'C. 

A so lu t ion  o f  NaCN (18.6 g, 0.38 moll dissolved i n  

After s t i r r i n g  f o r  10 min the organic layer  was 

To t h i s  solut ion o f  tetrabutylamnoniun cyanide a 

The 

Water was added and the mixture was 

The organic layer  was washed w i th  water, d r ied  
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'H NMR (60 MHz) 6 3.80 (5 ,  21, 7.75 and 7.82 (two s, 2); Anal. Calcd fo r  

C8H,Br2ClN: C, 31.04; Br, 51.63; N, 4.53. Found: C, 30.95; Br, 51.45; N, 4.49; 

MS, m/z ( re l .  int.): 307 (M, 591, 228 (M - Br, loo), 148 (M - B r  - HBr, 35), 

114 (351, 87 (22), 64 (25). 

Ethyl 2,5-dibromo-4-chlorophenyl acetate (El. 

A solut ion o f  crude 2 (22 g), conc H,SO, (14 g, 0.14 moll ,  140 m l  anhydrous 

ethanol and 45 m l  CH,Cl , was ref luxed fo r  4 days. 

were added and the a lka l ine  organic layer was washed with water, dr ied 

(Na2SO4) and evaporated i n  vacuo. 

SiO, wi th isooctane/iPr20 3: l  t o  give ,lCJ (12.7 g, 48% from El, np 63-64.5 'C. 

'H NMR (60 MHz) 6 1.27 (t, 31, 3.74 ( 5 ,  31, 4.22 (4, 21, 7.61 and 7.72 (two s ,  

21. Anal. Calcd for CloH,Br,C102: C, 33.70; H, 2.54; Br, 44.84; C1, 9.95. 

Found: C, 33.71; H, 2.56; Br, 44.78; C1, 9.91. 

Aqueous NaOH and CH,Cl, 

The residue was f lash chromatographed on 

1-(2,5-Di bromo-4-chlorophenyl)-2-methyl-2-propanol (2). 
A solut ion o f  lCJ (12.5 g, 0.035 moll  i n  65 m l  dry Et,O and 7 m l  dry THF was 

added t o  a Grignard reagent, preDared from iodomethane (15.6 g, 0.110 moll  and 

Mg (2.43 9, 0.100 moll  i n  70 m l  dry Et,O, wi th s t i r r i n g  a t  room temperature. 

Af ter s t i r r i n g  fo r  another 90 min the mixture was poured i n t o  150 m l  H,O and 

10 m l  conc HC1. 

and evaporated i n  vacuo. 

gave 7.1 g (59%) o f  alcohol 2, mp 85-86 'C. 

'H NMR (60 MHz) 6 2.24 (s, 61, 3.82 (s, 21, 7.49 and 7.70 (two s, 2). MS, m/z 

I r e l .  in t . ) :  325 (M - CH,, 11. 282 (M - Ms,CO, 31, 245 (M - Me,CO - C1, 11, 

203 (M - Me,CO - Br, 21, 123 (M - Me,CO - B r  - HBr, 41, 59 (Me,COH+, 100). 

Anal. 

3.07; 0, 4.68. 

The organic layer was washed twice wi th water, dr ied (Na,SO,) 

Flash chromatography on 90, w i th  hexane/iPr20 2: l  

Calcd fo r  C1,H1,Br2C10: C, 35.07; H, 3.24; 0, 4.67. Found: C, 35.09; H, 

1-( 2,5-Dibromo-4-chlorophenyl)-2-methyl-2-propyl 2-bromopropanoate (GI. 
2-Bromopropionyl bromide (4.9 g, 24 m o l l  was treated w i th  2 (4.1 9, 

12 mnol) and 4-dimethylaminopyridine (2.2 g, 18 mnol) i n  20 m l  dry CH,Cl, 
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under N, a t  room temperature. 

3 days. 

aqueous HC1. 

which was used d i r e c t l y  i n  the next step. 

l H  NMR (60 MHz) 6 1.38 (5, 61, 1.81 (d, 31, 3.22 (s, 21, 4.31 (9, l ) ,  4.31 

(9, 11, 7.70 (s ,  2). 

TLC and GLC showed complete conversion a f te r  

The react ion mixture was washed w i th  water, aqueous NaOH and 

Drying (Na2S0,) and evaporation i n  vacuo gave 5.8 g crude 

1-(2,5-Di bromo-4-chl orophenyl)-2-methyl-2-propyl 2-ami nopropanoate (2). 
Crude 2 (5.8 9) dissolved i n  25 m l  ethanol was added t o  15 ml l i q u i d  

ammonia dissolved i n  125 m l  ethanol a t  -40 'C i n  an autoclave. The react ion 

mixture was heated t o  40 'C f o r  24 h. 

HC1 were added. 

w i th  Et,O. 

(23% from 2). 
'H NMR (200 MHz) 6 1.31 (d, 31, 1.52 (d, 61, 1.60 (broad s ) ,  3.21 ( 5 ,  21, 

3.48 (4, l ) ,  7.55 (s, 1). 7.68 ( s ,  1); 13C NMR (50 MHz) 6 20.9, 25.7, 26.0, 

44.9, 50.9, 82.8, 121.0, 124.8, 133.7, 133.8, 136.6, 137.4, 176.1. MS, m/z 

( re l .  int . ) :  411 (My 0.11, 322 (M - alanine, 11, 281 (C,H,Br2C1CH,, 21, 44 

(CH,CH=NH,, 100). 

The hydrochloride was prepared and recrystal  1 ized from ethanol /acetone, mp 

177-177.5 'C. 

0, 7.11. Found: C, 34.84; H, 3.85; N, 3.03; 0, 7.28. 

A f te r  evaporation Et,O and aqueous 

The aqueous phase was separated, a lka l i zed  and extracted 

Drying (Na2S0,) and evaporation i n  vacuo afforded 2.23 g o f  

Anal. Calcd f o r  C1,H,7Br2C12N0,: C, 34.70; H, 3.81; N, 3.11; 

1-(4-Chlor0[2,5-~H,]pheny1)-2-methyl -2-propyl 2-aminopropanoate (2). 
A solut ion of the hydrochloride of ,2 (4.2 mg, 9 ~cmol) and tr iethylamine (2 

~ 1 ,  14 p l )  i n  0.5 m l  dimethylformamide was s t i r r e d  under an atmosphere o f  

5 C i  t r i t i u n  gas i n  the presence o f  2 mg 5% Pd/C. 

was evaporated. 

was three times treated w i th  ethanol followed by evaporation t o  dryness. 

After 15 h the solvent 

I n  order t o  remove l a b i l e  tritium the catalyst-product mixture 
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The r e s u l t i n g  residue was taken up i n  300 pl of ethanol and f i l t e r e d  from 

t h e  c a t a l y s t  and concentrated t o  100 ~ 1 .  Purification by HPLC gave 98 mCi 

o f  2 with t h e  s p e c i f i c  a c t i v i t y  o f  38 Cifmnol as measured by UV spectro- 

scopy. The radiochemical pur i ty  was 96% as determined by TLC (SiO,, CHC1.J 

ethanol/conc NH, 95:5:0.2). 
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