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THE SYNTHESIS OF 13C LABELLED N,N'-DIMETHYL 2- 

NAPHTHALENEETHANIMIDAMIDE MONOHYDROCHLORIDE, 

A POTENTIAL PSYCHOTHERAPEUTIC AGENT 

C h r i s t i a n  T. Gora lsk i  ,* James R. McCarthy,** J .  W. Linowski ,*** 
R. A .  Nyquist,*** and C. L. Putzig.*** The Dow Chemical Company, 
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SUMMARY 

N ,N ' -Dimethyl 2-naphthaleneethanimidamide monohydrochl o r i d e  (DL-588) 
i s  a p o t e n t i a l  psychotherapeutic agent f o r  which a sample o f  carbon-13 
l a b e l l e d  ma te r ia l  was requ i red  f o r  metabolism stud ies.  
90% 1% enr iched DL-588 was prepared s t a r t i n g  w i t h  90% 13C enriched 
potassium cyanide i n  three steps. 
t r e a t e d  w i t h  the 1% potassium cyanide under phase t r a n s f e r  c a t a l y s i s .  
The r e s u l t i n g  13C-2-napthylacetoni t r i l e  was converted t o  the imidate 
e s t e r  hydrochlor ide under Pinner r e a c t i o n  cond i t i ons  ( 1 ) .  Th is  in termediate 
was t r e a t e d  w i t h  excess methylamine i n  ethanol a t  55" 
comp und i n  an o v e r a l l  y i e l d  o f  68%. The e f f e c t s  o f  13C l a b e l l i n g  on 

The sample o f  

2-(Bromomethy1)naphthalene was 

o g i ve  the t i t l e  

the ? H NMR spect ra o f  the f i n a l  product  and in termediates a re  discussed. 
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N,N'-Dimethyl 2-naphthaleneethanimidamide monohydrochloride 

(DL-588) i s  a new nontricyclic potential antidepressant agent (2,3) 

which i s  currently undergoing c l in ica l  evaluation. In conjunction 

with a program to study the metabolism of DL-588, a sample of 13C- 

labelled material was required. 

l3C-1abelled DL-588 (4) i s  outlined below. 

The sequence used for  the preparation of 

S-pnthetic Scheme: 

K1 3CN 
BTEAC, CHC13 > 

1 - CH3CH20H, HC1 ' I  8-CH3 

3 - 4 - 

Treatment of a chloroform solution of 2-(bromomethy1)naphthalene (1) 
with a n  aqueous solution of 90% '%-enriched potassium cyanide i n  the 

presence of benzyl triethylammonium chloride (BTEAC) afforded 13C- 

labelled 2-naphthylacetoni t r i l e  (2) i n  90% yie ld .  

(KBr) of ?displayed a s h a r p  peak a t  2197 cm-' f o r  the stretching vibration 

of the l 3 C % N  group and a sharp peak a t  2254 cm-l fo r  the stretching 

vibration o f  the '*C=N group in an area r a t io  of lO:l ,  respectively. 

The 

The infrared spectrum 

1 H 100 MHz NMR spectrum ( C D C 1 3 )  of 2 showed a coupling between the 
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13C and the protons o f  the adjacent  methylene group o f  10.4 Hz. 

Careful i n t e g r a t i i o n  o f  a 50 Hz sweep w id th  d e t a i l  o f  the methylene 

s igna ls  i n d i c a t e d  a 13C-enrichment o f  89.5%. 

The r e a c t i o n  o f  2 w i t h  anhydrous ethanol and anhydrous hydrogen 

c h l o r i d e  i n  toluene gave l3C-labe1led e t h y l  2-naphthaleneethanimidate 

hydrochlor ide (3) i n  89% y i e l d .  The i n f r a r e d  spectrum (KBr) o f  3 
disp layed a s t rong band a t  1619 cm-l f o r  the s t r e t c h i n g  v i b r a t i o n  

o f  the 13C=N bond ( t h e  s t r e t c h i n g  v i b r a t i o n  o f  the 12C=N bond i s  

1627 cm-I). The ' H  100 MHz NMR spectrum (DMSO-d6) o f  3 showed a coupl ing 

between the 1 3 C  and the protons o f  the adjacent  methylene group o f  

6.8 +_ 0.2 Hz. 

protons o f  the e t h y l  group w i t h  a coupl ing constant  o f  2.5 f 0.2 Hz. 

I n  the f i n a l  step, 3 was t r e a t e d  w i t h  an excess o f  methylamine i n  

The 13C was a l so  observed t o  couple w i t h  the methylene 

absolute ethanol a t  55°C t o  g i v e  13C-DL-588 (5) i n  85% y i e l d .  The i n f r a r e d  

spectrum (KBr) o f  5 disp layed a s t rong band a t  1637 cm-' f o r  the s t r e t c h i n g  

v i b r a t i o n  o f  13C=N bond ( t h e  s t r e t c h i n g  v i b r a t i o n  o f  the "C=N bond i s  

1659 cm-'). The 'H 100 MHz NMR spectrum (DMSO-d6) o f  13C-DL-588 (3) 
i s  shown i n  F igure 1. 

the adjacent  methylene group w i t h  a coupl ing constant  o f  6.3 f 0.2 Hz. 

The 1 3 C  i s  a l s o  coupled t o  the protons o f  both o f  the N-methyl groups 

with coupl ing constants o f  4.0 f 0.2 Hz f o r  the u p f i e l d  methyl s ignal  

and 4.1 f 0.2 Hz f o r  the downf ie ld  methyl s igna l .  

The I 3 C  i s  observed t o  couple w i t h  the protons o f  
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Figure 1 
100 MHz PMR Spectrum (OMSO-d,) of 13C-DL-588-US (4) with 

50 Hz sweep width detail of the rnethylene group and the methyl groups 

- I I I I I I 1 1 
9 8 7 6 5 4 3 2 1 0 

PPM 

EXPERIMENTAL 

Capil lary melting points  a r e  corrected.  The inf ra red  spec t ra  were 

determined a s  KBr p e l l e t s  using a Perkin Elmer 180 inf ra red  spectrometer. 

The nuclear magnetic resonance spec t ra  were determined using a Varian 

XL-100 spectrometer. The elemental analyses  were performed by the Michigan 

Division Analytical Laborator ies  . 
Carbon-13 Labelled 2-Naphthylacetoni t r i le  (2).  
I n  a 125 ml, three-neck f l a s k  equipped with a magnetic s t i r r e r  

and a re f lux  condenser were placed 14.5 g (65.6 mmol) of 2-(bromomethy1)- 
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naphthalene, 3.2 g (14 mmol) of benzyltriethylammonium chlor ide ,  and 40 ml 

o f  chloroform. 

l a b e l l e d  potassium cyanide (Merck Sharpe and Dohme Canada Ltd., Montreal, 

Lot A-1356) i n  20 ml o f  warm water was added t o  the  pale  yellow reac t ion  

so lu t ion  and r insed  with and addi t iona l  5 ml of water. The reac t ion  mixture 

was heated a t  90°C (bath temperature) f o r  12 hrs ( t h e  progress of  the 

reac t ion  was followed by t h i n  l a y e r  chromatography). 

was then  separated and washed with three 100 ml port ions of  water. 

The organic layer  was dr ied  over anhydrous sodium s u l f a t e ,  and the 

chloroform removed i n  vacuo leaving a l i g h t  tan s o l i d .  The s o l i d  was 

dissolved i n  700 m l  of boi l ing hexane, and the so lu t ion  f i l t e r e d  away 

from a small amount of dark, insoluble  mater ia l .  The l i g h t  yellow 

so lu t ion  was concentrated t o  500 m l  and cooled slowly t o  0°C. The 

r e s u l t i n g  white c r y s t a l s  (8.92 g ) ,  mp 83-85"C, were col lec ted  by 

f i l t r a t i o n .  The f i l t r a t e  was concentrated t o  100 ml and addi t ional  

white c r y s t a l s  (0.76 g ) ,  mp 78-80.5"C were obtained. An  addi t iona l  

0.25 g ,  mp 80-82"C, was obtained by purifying the f i l t r a t e  on three  20 x 20 

preparat ive t h i n  l a y e r  chromatography p l a t e s  (2 mm thick.Merck S i l i c a  

Gel 60 E-254). 

and the slower moving band was the des i red  product. 

A so lu t ion  of  5.0 g (75.7 mmol) of 90 atom percent  carbon-13 

The organic  layer  

The p l a t e s  were developed w i t h  chloroform: hexane (1 :1) 

Total y i e l d  of  2: 
9.93 g (90%). 

C O e 9 H g N :  C ,  86.28; H, 5.39; N, 8.33. Found: 12 13  Anal. Calcd f o r  C l l  ., 
C ,  86.3; H ,  5.57; N ,  8.19. 
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Carbon-13 Label l e d  E thy l  2-Naphthaleneethanimidate Hydrochlor ide (3 ) .  

I n  a 100 m l ,  three-neck f l a s k  equipped w i t h  a magnetic s t i r r e r ,  

a thermometer, a gas i n l e t  tube, and a r e f l u x  condenser f i t t e d  w i t h  

a d ry ing  tube were placed 9.13 g (0.0546 mol) o f  carbon-13 Z-naphthylaceto- 

n i t r i l e  and 34 m l  toluene. To the above m ix tu re  3.0 g (0.065 mol) o f  

absolute ethanol was added. The r e a c t i o n  m ix tu re  was then cooled t o  

O"C,  and anhydrous hydrogen c h l o r i d e  was sparged i n  u n t i l  the temperature 

reached 7°C.  

sparged i n .  The r e a c t i o n  m ix tu re  was then warmed t o  30"C, a t  which t ime 

i t  became homogeneous. 

form. The r e a c t i o n  was then al lowed t o  s t i r  f o r  an a d d i t i o n a l  16 h rs .  

A t o t a l  o f  3.3 g (0.090 mol) o f  hydrogen c h l o r i d e  was 

A f t e r  1 h r  a heavy p r e c i p i t a t e  began t o  

The s l u r r y  was c a r e f u l l y  poured i n t o  a s i n t e r e d  g lass funnel ,  and the f l a s k  

and f i l t e r  cake washed w i t h  200 m l  o f  f r e s h  toluene. The s o l i d  was 

a i r - d r i e d  and then vacuum d r i e d  a t  50°C f o r  2.5 h r s  t o  g i ve  12.10 g 

(89.5% y i e l d )  o f  3.* 

@. Calcd f o r  "C 

Found: C, 66.8; H, 6.51 

13C0.9C1H16NO: C, 67.44; H, 6.43; N, 5.59. 3.1 

N, 5.78. 

Carbon-13 Label l e d  N,N'-Uimethyl 2-Naphthaleneethanimidamide 

Monohydrochloride (DL-588, 5 ) .  
I n  a 100 m l ,  three-neck f l a s k  equipped w i t h  a magnetic s t i r r e r ,  

a thermometer, a pressure-equal iz ing a d d i t i o n  funnel ,  and a r e f l u x  

condenser f i t t e d  w i t h  a d ry ing  tube were placed 11.95 g (0.048 mol) o f  

carbon-13 l a b e l l e d  e t h y l  2-naphthaleneethanimidate  hydrochlor ide.  

* A we l l  de f i ned  m e l t i n g  p o i n t  f o r  t h i s  compound cannot be obta ined because 
o f  thermal degradation t o  g i ve  the corresponding ami de. 
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A so lu t ion  of  21.20 g (0.683 mol) of  methylamine i n  35 ml of  absolu te  

ethanol was then prepared. 

was t h e n  rap id ly  added (the temperature quickly rose to  65"C, and t h e n  

dropped t o  30°C as  a l l  of the  so lu t ion  was added). 

was then heated t o  50°C, and cont ro l led  a t  50-53°C f o r  21 hrs. The progress 

of t h e  reac t ion  was monitored by HPLC ( P a r t i s i l  SCX; 9:l MeOH/O.lN 

NaC104; 254 nm)  . The reac t ion  mixture was then cooled t o  2"C, and 

the white, c r y s t a l l i n e  product f i l t e r e d  o f f .  

product cake were washed with 50 rnl of toluene. 

a t  50°C f o r  2 hrs t o  give 10.2 g (85% y i e l d )  of 5. 
was r e c r y s t a l l i z e d  from 50 ml of absolute  ethanol (with hot f i l t r a t i o n ) .  

The s o l i d  was f i l t e r e d  o f f ,  and the c r y s t a l l i z a t i o n  f l a s k  and product 

cake were washed with 50 ml of toluene.  

and vacuum dr ied  a t  60°C f o r  6 hrs t o  give 8.97 g (88% recovery) of '&,  

mp 225.5-227°C ( l i t . 3  mp 223.5-224.5'). 

The so lu t ion  of methylamine i n  ethanol 

The reac t ion  mixture 

The reac t ion  f l a s k  and the 

The product was dr ied  

This material 

The product was then a i r - d r i e d  

13 Anal. Calcd f o r  12C13.1 C0.9H17C1N2: C ,  67.7; H ,  6.87; N, 11.22. 

Found: C ,  67.40; H, 7.03; N ,  11.28. 
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