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SYNTHESXS OF 14C-LABELED INDELOXAZINE HYDROCHLORIDE (YM-080541, 
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S U W R Y  

Indel oxazi ne hydrochloride, (f ) -2-[( i nden-7-yl oxy)methyl]morphol ine  
hydrochloride (YM-08054), a new cerebral ac t i va to r ,  was labeled w i th  14C f o r  
metabolic studies. The labeled mater ia l  w i th  a spec i f i c  a c t i v i t y  o f  14.9 
mCi/mmol was synthesized i n  a 42.8% radiochemical y i e l d  from potassium 
[ Clcyanide via a process o f  ten  steps. 14 
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INTRODUCTION 

A number o f  morpholine der iva t ives  having indenyloxymethyl moiety have 

been synthesized i n  our laborator ies f o r  the study o f  neuropharmacological 

a c t i v i t i e s .  Among them (t)-Z-[( inden-7-yloxy)methyl]morphol i ne  hydrochloride 

( indeloxazine hydrochloride, YM-08054) not only showed antidepressive 

properties,')') but  a lso had a pro tec t ive  e f f e c t  on nitrogen-gas-induced 

amnesia and some other cerebral-act ivat ing propert ies in r a t s  o r  mice. 3) 

These kinds o f  pharmacological a c t i v i t i e s  are important i n  connection w i th  the 

treatment o f  organic b ra in  diseases such as cerebral-vascular disorder. 

As a matter o f  course, studies on the  metabolic f a t e  o f  t h i s  promising 

agent required preparation o f  t he  radioact ive compound. The synthet ic rou te  
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Scheme I 

employed i n  the  preparation of 14C-1abeled indeloxazine hydrochloride i s  

i l l u s t r a t e d  i n  Scheme 1. De ta i l s  o f  the  synthesis o f  the labeled canpound are 

described i n  t h i s  paper. 

RESULTS AND DISCUSSION 

Previously we synthesized 3,4-dihydr0[3-~~C]counarin (carbon isotope 

isomer o f  D4) by ca ta l y t i c  hydrogenation o f  [3-14Clcounarin, which was 
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obtained from salicylaldehyde and [2-14C]malonic acid according t o  the  

procedure o f  Kaighen and W i l l i a m ~ . ~ )  The dihydrocoumarin was converted t o  

4-hydro~y-l-C2-~~C]indanone (carbon isotope isomer o f  g) , which was 

transformed by s i x  steps i n t o  Cindenyl-2-14C]indenolol (E) ,  a potent 

8-adrenergic blocking agent.6) The radiochemical y i e l d  o f  3,4-dihydr0[3-~~C]- 

counarin based on C2-14C]malonic ac id  was 68%. However, t h i s  method was 

rather d ras t ic  and troublesome i n  the  radiosynthesis. A noble route t o  

prepare 3,4-di hydr0[2-~~C]counari n ( I )  which was a precursor o f  4-hydroxy- 

l-El-14C]indanone (g) , a key intermediate o f  [indenyl-3-14C]indeloxazine 

hydrochloride (g), was therefore investigated. 

By use o f  C14ClKCN (2) as a s ta r t i ng  material,  bromide (L) was quanti- 

t a t i v e l y  converted i n t o  n i t r i l e  (2) i n  the presence o f  equimolar 18-crown-6 i n  

dimethylformanide. 

n i t r i l e  (4) i n  a good yield.  Acid hydrolysis o f  3 i n t o  3-(2-benzyloxyphenyl)- 

propionic acid was unsuccessful. On the other hand, when a so lu t ion  o f  4 i n  

ethanol was saturated with hydrogen chlor ide followed by standing overnight, 

ester (&) with a small amount o f  acid (k) was obtained. Both o f  them were 

smoothly cycl ized t o  a f fo rd  1 by azeotropic d i s t i l l a t i o n  using toluene i n  the 

presence o f  a ca ta l y t i c  amount o f  4-toluenesulfonic acid. Yield o f  1 based on 

- 2 was 86.2%. This procedure was superior t o  t h a t  described above by use o f  

C2- Clmalonic acid from the viewpoint o f  y ie ld ,  the  cost o f  the s ta r t i ng  

t&drogenolysis o f  3 wi th  pal l a d i  un on charcoal gave 

14 

material and manipulation. By fusion w i th  NaC1-A1Cl3, 4) 1 was converted t o  8. 

As p u r i f i c a t i o n  o f  crude 8 was troublesome, g was transformed t o  acetate (3) 
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which was p u r i f i e d  by column chromatography. A l k a l i n e  hydro lys is  o f  2 gave 

p u r e l .  Y i e l d  o f  p u r e 8  f r o m 1  was 75.9%. 

Kojima e t  a l .  obtained non-radioact ive 1-0x0-indanyl compound (ll) i n  a 

y i e l d  o f  73.5% by t h e  reac t ion  o f  equimolar amount o f  t h e  potassium s a l t  o f  8 
and 4-triphenylmethyl-2-(4-tol uenesul fonyloxymethyl)morphol i ne.’) 

conversion of 8 i n t o  11 was observed by use o f  an excess o f  t h e  t o s y l a t e  

above, bu t  t h e  separation o f  _11 from t h e  excess reagent was tedious. The 

reac t ion  was modi f ied t o  improve t h e  radiochemical y i e l d .  By use o f  bromo 

compound (lo) ins tead o f  t h e  tosy la te ,  8 was a l k y l a t e d  i n  t h e  presence o f  

anhydrous K2C03 i n  dimethylformamide t o  prov ide 2 i n  a y i e l d  o f  95.1% a f t e r  

t h e  p u r i f i c a t i o n  by colunn chromatography. 

equiva lents)  o f  

Reduction o f  11 w i t h  NaBH4 fo l lowed by column chromatography gave t h e  

hydroxyi ndanyl canpound (l2) i n 86.1% y i e l d .  

Higher 

An excess (2 t o  3.5 mole 

and K2C03 was e f f e c t i v e  t o  complete t h e  a l k y l a t i o n .  

The f i n a l  s tep o f  the  synthes is  invo lved several d i f f i c u l t i e s .  I n  

general, indenes are known t o  isomerize p r o t o t r o p i c a l l y  under bas ic  cond i t ions  

t o  a f f o r d  an e q u i l i b r i u m  mixture. 

between non-radioactive 7-indenyl isomer (l3) and 4-indenyl isomer (IA) i n  a 

Ac tua l l y ,  i somer iza t ion  o f  double bond 

methanol s o l u t i o n  was observed i n  t h e  presence o f  base g i v i n g  a 2:l mixture. 1 )  

14 The [ Cl indenolo l  5 mentioned above was a lso  an e q u i l i b r i u m  mix tu re  w i t h  

respect t o  double bond o f  t h e  indene r ing ,  s ince it was prepared under bas ic  

 condition^.^) Dehydration o f  12 t o  g i v e  7-indenyl isomer 13 without  

isomer izat ion o f  t h e  double bond was requi red f o r  t h e  preparat ion o f  

I: Cl indeloxaz ine hydrochlor ide 13. It was repor ted t h a t  a p r a c t i c a l  

syn the t ic  method f o r  indeloxaz ine hydrochlor ide was establ ished by 

p r e f e r e n t i a l  c r y s t a l l i z a t i o n  from an e q u i l i b r i u m  m i x t u r e  o f  indeloxaz ine 

hydrochlor ide 13 and t h e  4-isomer 14 i n  t h e  presence o f  a c a t a l y t i c  amount o f  

base i n  methanol.’) 

sca le rad iosynthes is  i n  terms of radiochemical y i e l d .  The synthesis o f  13 from 

- 12 was t h e r e f o r e  c a r r i e d  out  by a m o d i f i c a t i o n  o f  t h e  repor ted method.’) 

14 

However, t h i s  method was not  convenient f o r  t h e  small 

Removal o f  t h e  t r i t y l  group and dehydration o f  t h e  1-hydroxyindan moiety 

o f  12 were accomplished i n  a d i l u t e  aqueous e thano l ic  hydrochlor ic  a c i d  
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solution under reflux to  furnish the desired 13. A large excess (about 17  

mole equivalents) of HC1 was essential t o  cmplete the reaction. Yields of 

the desired product under optimum conditions were 76-81%. Careful 

purification using column chromatography was carried out  t o  isolate the 

desired 13 from the reaction mixture without isomerization of the double bond 

t h u s  formed. 

v /v)  contained a small amount of ethanolic hydrogen chloride followed by 

elution with chloroform-methanol ( 1 O : l  v /v )  until the eluates became neutral 

prior t o  charge of the reaction mixture on the s i l i ca  gel colunn. The  pre- 

treatment of the s i l ica  gel colunn was very useful for  avoidance of 

isomerization owing t o  partial elimination of HC1 from 13 during purification. 

After the chromatography, pure 14C-labeled indeloxazine hydrochloride 13 
crystallized from acetone was obtained in 80.2% yield based on 11. The 

tautomeric isomer Ilf was not detected by reverse phase HPLC analysis. Overall 

radiochemical yield of 13 based on 2. was 42.8%. 

A s i l ica  gel colunn was washed with chloroform-methanol (1O:l 

EXPERIMENTAL 
14 Potassium[ Clcyanide was purchased from hersham International plc, 

Amersham, England. 

chromatography (TLC and/or HPLC) with non-radi oacti ve standards. TLC analyses 

were conducted on precoated plates of Merck Silica Gel 60F254. HPLC analysis 

was performed on a Waters Associates, Inc., HPLC equipment (Model 6000A pump, 

Model 440 Absorbance Detector, 254 nm). 

colmn (LiChroprep Si 60, Size 6, Merck) was used unless otherwise specified, 

and was connected in series with a pre-column (s i l ica  gel, 3 9). 

was eluted a t  a flow rate of 20 ml/min with UV monitoring a t  280 nm (Oyo-bunko 

UV-detector Ubilog 5 111). All evaporations were carried ou t  under reduced 

pressure. Radioactivity measurement was made with a Packard Tri Carb Liquid 

Scintillation Spectrometer, Model 3255. Radiochemical purity was determined 

by TLC with a Berthold Radio-TLC Soanner LB 2723. 

The labeled products were characterized by co- 

R For column chromatography, a Lobar 
R 

The colunn 
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3-(2-Benzyl oxyphenyl)[1-14C]propionitri l e  (3) 
~~ ~~ 

The non-radi oacti ve s t a r t i ng  materi a1 , 2- (2-benzyl oxyphenyl )ethyl brani de 

(1, b0.37 156'C), was prepared by the  reaction of 2-(2-benzyloxypheny1)ethanol 

with triphenylphosphine and N-bromosuccinimide i n  benzene according t o  the 

reported method.') 
14 A mixture of potassium[ Clcyanide (2, 34.9 mg, 30 mCi), non-radioactive 2 

(96.6 mg), 1. (646 mg) and 18-crown-6 (584 mg) i n  dimethylformamide (13 ml) was 

s t i r r ed  f o r  23 hr a t  room temperature. The reaction mixture was then 

evaporated t o  dryness and the  residue obtained was applied t o  a Lobar column 

using benzen (2 x 2 m l ) .  The column was eluted with a mixture of n-hexane and 

ethyl acetate ( 1 O : l  v / v ) .  

evaporated t o  afford 3 (478 mg; 100.3%) as an o i l .  

R 

The fraction (10-23 min) was collected and 

3-(2-Hydroxyphenyl)[1-14C3propionitri1 e (A) 
To a solution of 3 (478 mg) in methanol (20 ml) was added 10% palladium on 

charcoal (90 mg). The mixture was subjected t o  hydrogenation a t  room 

temperature until  the uptake of hydrogen had ceased (1 hr). 

mixture was f i l t e r e d  and the  f i l t r a t e  was evaporated t o  obtain an o i l  o f  4 
(317 mg; 107%). 

The reaction 

3 ,443  hydr0[2-~~Clcoumarin ( I )  
A solution of A (317 mg) i n  ethanol (10 ml) was staturated with dry 

hydrogen chloride a t  O°C w i t h  s t i r r i n g  protected from moisture. The reaction 

mixture was then allowed t o  stand a t  room temperature f o r  15 hr. The mixture 

was evaporated t o  dryness carefully,  and t o  the  redidue obtained were added 

4-toluenesulfonic acid (10 mg) and toluene (30 m l ) .  The result ing mixture was 

refluxed f o r  6 h r  u s ing  an azeotropic d i s t i l l a t i o n  apparatus. During the  

reaction ethanol and water produced were removed from the  reaction system as 

the toluene azeotrope (25 ml),  and fresh toluene (25 ml) was added t o  the 

reaction mixture. T h i s  operation was repeated three  more times a t  an interval 
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of 1 hr. Af ter  the canplet ion of the  cyc l i za t i on  checked by TLC (CHC13; Rf 

value of 5, 5 and L = 0.02, 0.16 and 0.50, respect ively) ,  t he  react ion mixture 

was concentrated t o  about 2 m l  and the residue was subjected t o  colunn 

chromatography. 

acetate (3: l  v/v) and the f r a c t i o n  (9-15 min) was co l lec ted  and evaporated t o  

obtain an o i l  o f  2 (257 mg; 80.3%). 

The colunn was eluted w i th  a mixture o f  n-hexane and ethyl  

4 -Hydro~y - l - [ 1 -~~C] i  ndanone (t3) 

Sodium chloride-aluminum ch lo r ide  complex (2.4 g), obtained by melt ing 1 

mole o f  NaCl w i th  1 mole o f  anhydrous A1C13 on a hot plate,  was added t o  1. 
(257 mg) and the mixture was heated a t  140°C w i t h  s t i r r i n g .  To the mixture 

obtained anhydrous A1C13 (1.5 g) was added i n  several port ions fol lowed by 

s t i r  a t  188-191OC f o r  2 hr. A f t e r  ice-cooling, ice-water (10 g) was added t o  

the  react ion mixture. The crude c rys ta l s  o f  8 which were deposited by 

scratching i n  ice-water bath were col lected by f i l t r a t i o n ,  washed w i th  c h i l l e d  

water (3 x 1 ml) and dr ied  over P205 i n  vacuo. 

A mixture o f  crude 8 (270 mg) obtained above, anhydrous 1,2-dichloro- 

methane (4.5 ml), t r iethylamine (0.35 ml) and acet ic  anhydride (0.24 m l )  was 

s t i r r e d  a t  room temperature f o r  1 hr. 

Lobar column and the  column was eluted w i th  a mixture o f  n-hexane and e thy l  

acetate (3 : l  v/v). The f r a c t i o n  (24-34 min) was co l lec ted  and evaporated t o  

obtain c rys ta l s  o f  4-a~etoxy-l-[l-~~C]indanone (9).  Yield: 270 mg (81.9% 

based on 1.). 

The mixture was then applied t o  a 

R 

To a so lu t ion  of 2 (270 mg) i n  methanol (6 ml) , 1M-NaOH (3.7 ml) was added 

a t  room temperature and the mixture was s t i r r e d  f o r  45 minutes. 

cool ing the  react ion mixture was a c i d i f i e d  t o  pH 2 by dropwise add i t ion  o f  

1M-HCl (3.8 m l ) .  

f i l t r a t i o n ,  washed w i th  water (6 x 1 m l )  and dr ied  over P205 i n  vacuo. 

Yield: 195 mg (92.7% based o n 9  ). 

A f te r  ice- 

The c rys ta l s  o f  pure 8 prec ip i ta ted  were co l lec ted  by 
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2-C (l-Ox0[1-~~CIi ndan-4-yl oxy)methyl I-4-tri  phenylmethylmorphol i ne (11) 

The a1 kylating reagent, 2-bromomethyl-4-triphenylmethylmorphol ine (lo), 

was prepared from 2-hydroxynethyl-4-triphenylmethylmorphol ine by the same 

method as the  preparation of 1. 
column chromatography using a mixture of n-hexane and ethyl acetate ( 1 O : l  v / v )  

a s  eluent; mp. 72-82°C (powder from aqueous ethanol). 

The crude product was purified by s i l i c a  gel 

A suspension of fi (195 mg) , anhydrous K2C03 (362 mg) and (1.126 g) i n  

anhydrous dimethylformmide (5.5 ml) was heated a t  8OoC with strring. The  

reaction mixture was checked by radio-TLC using the  solvent system of 

n-hexanelethyl acetate (3:l v/v). After 7 hr the r a t io  of 8 t o  11. was 44:56. 

After a fur ther  addition o f  K2C03(180 mg) and lo (560 mg) t o  the reaction 

mixture, heating was continued f o r  more 15 h r .  A t  t h i s  time (22 h r  a f t e r  the 

in i t i a l  heating) the  r a t io  of fi t o  11. was 97:3 by TLC. After cooling, the  

solid materials were removed by f i l t r a t i o n  and the f i l t r a t e  was concentrated. 

The residual o i l  was charged t o  the  top of a s i l i c a  gel column using CH2C12 

(2 x 2 ml). The colunn was eluted w i t h  n-hexane/ethyl acetate (3:l v / v ) .  The 

fraction (11-22 m i n )  was concentrated t o  dryness t o  give c rys ta l s  of 11. (611 

mg; 95.1%). 

2-C( l-Hydro~y[l-~~Clindan-4-yl oxy)methyl]-4-tri phenylmethylmorphol ine (l2) 

To a cooled solution of 11. (611 mg) i n  l,2-dichloromethane (14 ml) and 

methanol ( 7  m l )  a t  0°C was added by portions 80 mg of NaBH4. The mixture was 

s t i r r ed  f o r  30 minutes a t  O°C and fur ther  1 hr a t  room temperature. 

cooled reaction mixture a t  OOC, was added ace t ic  acid (0.14 m l )  and the 

result ing mixture was s t i r r e d  a t  room temperature f o r  2.5 h r .  After 

evaporation of the solvent the crude c rys ta l s  obtained were subjected t o  

colunn chromatography u s i n g  CH2C12 (5 x 2 ml). The column was eluted with a 

mixture of CH2C12 and ethyl ace ta te  ( 1 O : l  v / v ) .  

collected and concentrated t o  dryness t o  afford pure c rys t a l s  of 12 (528 mg; 

86.1%) . 

To the  

The fraction (12-24 min) was 
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(+)-2-[([3-14C]Inden-7-yloxy)methyl]morphol ine  hydrochloride (l3) 

1225 

~~ 

A mixture of 12 (528 mg) and 0.5M-HC1 (36.5 ml) i n  ethanol (15.6 ml) was 

heated under reflux fo r  2 hr .  After cooling the  so l id  precipitated was 

removed by f i l t r a t i o n  and washed with a chil led mixture of ethanol and water 

(3:7 v / v ,  4 x 2 ml). 

about 20 m l  and saturated w i t h  NaCl (6 9) .  The mixture was extracted w i t h  

chloroform (3 x 20 ml) and the combined ex t rac ts  were d r i e d  (MgSO,) and 

concentrated. The residual o i l  obtained was purified by column chromatography 
R i n  a manner described below. A Lobar column (Si 60, Size A) was washed with 

a mixture of chlorofonn/methanol/lM-HC1 i n  ethanol (100:9:1 v/v) u n t i l  the  

washings became acidic. The column was then eluted w i t h  chloroform/methanol 

(10:l v/v) until  the eluates became neutral. The o i l  obtained above was 

charged t o  the pre-treated column using chloroform ( 2  x 2 ml) followed by 

elution with chloroform/methanol (1O: l  v / v )  a t  a flow r a t e  of 10 ml/min. 

fraction (5-18 min) was collected and concentrated t o  dryness. To the  

residue obtained was added acetone (2 ml) and the result ing mixture was 

allowed t o  stand a t  5OC overnight t o  complete c rys ta l l iza t ion .  

were collected by f i l t r a t i o n  t o  obtain pure 13. Yield: 231.2 mg (80.2%); 

12.83 m C i ,  Specific ac t iv i ty :  55.5 pCi/mg, 14.9 mCi/mmol; radiochemical 

purity: greater than 99% by TLC analysis (Rf value =0.37 i n  benzen/ethyl 

acetate/methanol/conc. NH40H (40:40:15:2 v / v ) ) .  

not detected by HPLC on reverse phase column (TSK-Gel 

300 mn) using 0.05M amnonium acetate/tetrahydrofuran/acetic acid (83:15:2 v / v )  

a t  a flow r a t e  of 1.5 ml/min; retention time of 13 and 1p_ 213.7 mintute and 

11.2 minute,  respectively. 

The combined f i l t r a t e s  and washings were concentrated t o  

The 

The crys ta l s  

The t au tmer i c  isomer 14 was 
R LS-410, Toyosoda, 4 x 
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