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SUMMARY 

The syntheses of the antldepressant drug, 

amitriptyllne, and its metabolites norfriptyllne and 

desmethylnortriptyline , doubly labelled with 

carbon-13 have been accomplished In thirteen stages.  

Ba13C03 was used for the carbonatlon of q-tolylmagnesium 

bromide, which subsequently provlded a 13C-label 

dlstrlbuted between positions 5 ,  10 andl 1 in the tricycllc 

ring. A second carbon-13 a t o m  was  Introduced a t  the 

terminal side-chain carbon, adlacent to nitrogen, using 

Na13CN. 

Key words: Carbon- 13 ,  Carbonation,Arnltrlptyllne 

INTRODUCTION 

Stable isotopes are  now frequently used complementary to radioisotopes 

a s  labels  for drugs In metabolism and pharmacokinetic studies(1). Stable 

isotope labelled compounds can be used a s  Internal standards for the 
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development of sensitive and specific methods for the measurement of 

drugs and metabolites in biological fluids. In these methods a mass 

spectrometer is used a s  a g a s  chromatographic detector to enable 

separate measurement of the drug and internal standard. 

In connection with research into the application of stable isotopes 

in drug metabolism, we have recently synthesised carbon-13 labelled 

analogues of the antidepressive agent,  amitriptyline (I), and i t s  

metabolites nortriptyline (11) and desmethylnortriptyline (111). 

I (R = R =CH3) 1 2  

I1 (R1 = H ,  R2 = CH3) 

111 (R1 = R2 = H) 

In order to provide labelled analogues suitable for use in studies using 

mass spectrometry(2) and 3C-NMR s ~ e c t r o s c o p y ( ~ )  the three compounds 

were prepared doubly-labelled with carbon-13. One of the labels was located 

on the terminal ( Y  carbon of the side-chain, and the other - due to the 
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equivalence of the 5 and 1 0 ,  and 10 and 11 positions of the tricyclic 

moiety a t  certain s tages  of i t s  synthesis - was distributed between 

positions 5 ,  10 and 11 in the ratio 50:25:25% (see Scheme). 

DISCUSSION 

D i b e n z o ~ u b e r o n e - ~ ~ C  (1x1 was prepared from o-bromotoluene essentially 

by the method of with the exception that reduction of benzalphthalide 

(VII) to the phenethylbenzoic acid (VIII) was performed chemically (Phi) (5) , 

rather than catalytically (Pd/H2). Conversion of this  13C1 tricycllc 

ketone to the doubly labelled nitrile (XU) was accomplished by following 

the route described by Marshall et.(6) using Na13CN. Catalytic 

hydrogenation of (XI11 in common organic solvents produced a dimeric 

amine, whereas the use of ace t i c  anhydride prevented further reaction of 

the primary amlne by trapping i t  a s  the N-acetate (XIII). Conventional 

alkaline hydrolysis then afforded the desired primary amine, desmethyl- 

nortriptyline (IfI) , which could be smoothly converted to arnihiptyline (I) 

by the Leuckart reaction, and to nortriptyline (11) via the carbamate (XIV) (7 1 . 
The three bases were purified as their hydrochlorides, whose identities 

and puritles were chekked by thin layer chromatography and mass 
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spectrometry. 
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EXPERIMENTAL 

Thin layer chromatograms were obtained on silica plates ,  melting 

points (uncorrected) on a K6fler hot-stage apparatus, and mass spectra 

using the direct  insertion probe of a V.G. - Micromass 16F instrument 

operating in the electron impact mode. 

0- Tolui c a cid- f i  r boxvl- l 3 C 7  (v) 

In a n  emcuated manifold apparatus"), barium 13C-carbonate (90 

atom %; 7.0 g; Prochem, London) was treated cautiously with excess 

concentrated sulphuric acid (75 ml) and the %02 liberated was trapped 

in a flask containing 106 mmoles of o-tolylmagnesium bromide (IV) in 

THF (72 ml) , cooled in  liquid nitrogen. When the evolution of g a s  was 

complete, the reaction mixture was allowed to warm up to room temperature. 

After stirring for 30 minutes, the resulting solution was poured onto 

dilute sulphuric acid and extracted three times with ether. The combined 

organic phases were then extracted with Za sodium hydroxide solution 

and the ether-washed aqueous layers acidified. Extraction with ether 

provided the product a s  a colourless solid. Yield 4.8 g (99%). 

P htha llc a cid-r&boxvl- l3GZ (VI) 

A solution of the above acid (V, 9.9s) in 1Nsod lum hydroxide 

solution (400 ml) wastreated with potassium permanganate (35 g ) ,  then 

stirred and heated under reflux for 4 hours. After cooling, a saturated 

solution of sodium sulphLte was  added to discharge the purple colour 

and the precipitated manganese dioxide removed by filtration. The 

colourless filtrate was  evaporated a t  80°C& vacuo until precipitation 

commenced. This precipitate was redissolved by the Judicious 

addition of water a t  80°C and the solution poured onto concentrated 
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0 
hydrochloric acid (150 ml) .  After standing overnight a t  0 C ,  the 

product was filtered, washed and dried a t  60 C in vacuo. Yield 9.4 g 

(78%), m.pt. 2OS0C, shown to be pure and identical to authentic 

phthalic acid by TLC (n-BuOH-HOAc-H20, 2: 1: 1: R f  0.65). 

0 

13C-Benzal~hthalide (VII) 

A mixture of phthalic a ~ i d - f i r b o x y l - ~ ~ u  (9.2 g ) ,  phenylacetic 

acid (8.35 g )  and freshly-fused sodium acetate  (0.2 g) w a s  heated a t  

250°C for 5 hours. The solid formed on  cooling was  recrystallised from 

ethanol a s  yellow needles.  Yield 5.0 g (41%), m.pt. 94-9SoC, identical 

to authentic benzalphthalide by TLC (C6H6;Rf 0.50). 

2- (& - 13C- P -Phenvlethvl)benzoic a c i d - h r b o x v l -  %7 (VIII) 
13C-Benzalphthalide (5 g ) ,  red phosphorus (3.2 g) and hydriodlc 

acid (32 ml: 54% w/v) were heated under reflux overnight, cooled, poured 

onto ice-water and filtered. The precipitate and concentrated ammonia 

solution (30 ml) were refluxed for 30 minutes, cooled and filtered. The 

colourless solution was acidified with concentrated hydrochloric acid,  

cooled in ice and filtered. After washing, the product was  dried a t  5OoC 

-- in vacuo. Yield 4.2 g (83%), m.pt. 130-132'C. TLC (CHC13-MeOH, 

3:l; R f  0.9) identical to authentic material. 

fi, 10(11)-13C1~-5H-Dibenzo~ ,d 7-10,11-dihvdrocvclohe~ten-5-one(~X) 

The above labelled acid (5.47 g)was added during 20 minutes to 

polyphosphoric acid (82% Pz05: 32 g) maintained a t  17OoC and stirred 

vigorously. 

brown mixture was cooled, treated with ice-water and extracted several  

After a further 3 hours a t  this temperature, the dark 

t i m e s  with ether. The combined organic extracts were washed with 1% 



(w/v) sodlum hydroxide solution and water, dried (MgS04), evaporated 

to dryness and the resldue distilled. Yield 1.79 (34%), b.pt. 113-114OC/ 

0.03 mm. TLC (C H R 0.65) ldentlcal to authentlc dibenzosuberone. 6 6 '  f 

13C 7-5-Hvdroxv-5-vlnyl-SH-dlbenzofi .d 7-10.11- 1 /TalO(1l)-  
dlhvdrocvcloheDtene (X) 

A solution of vinylmagneslum bromide was  prepared in the usual 

manner from vinyl bromide (2.6 g )  , magnesium (0.53 g )  and THF (25 ml) . 
This solutlon was  treated wlth a solution of the labelled dibenzosuberone 

(IX, 1.7 g) in THF (15 ml) over 15 minutes, then stirred under reflux for 

a further 2 hours. After cooling, a saturated solutlon of ammonium 

chloride (20 ml) was added dropwlse and the resulting two layers were 

separated. The aqueous phase was extracted with ether and the 

combined organlc phases washed with water, drled (MgS04) and 

evaporated to dryness. TLC (C6H6, Rf 0.3) Indicated that the deslred 

product was contaminated with a small amount of more polar material, 

but was  nevertheless of sufficient purity to use in the next stage.  

n, 10(11)-l 3C17-5- (I -Chloroethvlidene)-5H-dlbenzofi . d 7 -  10,11- 
dihvdrocvcloheetene 

Dry hydrogen chloride g a s  was passed lnto a refluxlng solution of 

the above carblnol & 2 g )  In chloroform (30 ml) for 30 minutes, The mixture 

was then cooled and excess  HCl removed by bubbling nitrogen through it. 

Evaporatlon and trlturation of the residue wlth hexane provided the 

deslred chlorlde a s  colourless crystals. Yleld 1.75 g ( E l % ) ,  m.pt. 

93-95OC. TLC (C6H6) Rf 0.55. 
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r 5 , 1 0 ( 1 1 ) -  l 3  7-5(d -13C-cvanoethylidene)-5H-dlbenzo/a .d7- 
10,ll-dlhydrocycloheptene (m1) 

The above chloro-compound Oa; 1.75 g) and sodium cyanide - 13C 

(95 atom %; 0.36 g; Prochem, London) in acetonitrile (25 ml) were 

heated together under reflux for 24 hours. The mlxture was  evaporated 

to dryness and the residue partitioned between ether and water. The 

organic phase was separated, drled (MgS04) and evaporated to dryness 

to yield the crude product (1.6 a) a s  a colourless solid. A solutlon 

of thls material In benzene was  chromatographed on a column of slllca 

gel.  Elution wlth hexane provlded a l e s s  polar lmpurlty whereas benzene 

eluted the desired product (1.3 g , 78%) a s  pale yellow crystals. TLC 

(C6H6) Rf 0.35. 

10(ll)-'3C 7- 5- (#  -13C- r -N-acetvla mlno~ro~~1ldene)-5H- 
k z o r a  ,d  7-'1O,ll-dlh~droc~clohe~tene (XIIIl 

A solution of the above nitrlle (w; 1.39) in acet ic  anhydride (50 ml) 

was  hydrogenated ln the presence of Raney nickel catalyst  a t  one 

atmosphere for 24 hours. The catalyst  was removed by flltration and 

the solutlon poured onto excess water wlth stirring. The resulting 

mlxture was baslfled wlth dilute sodlum hydroxide solutlon and 

extracted well wlth ether. Evaporation of the combined, drled extracts 

yielded an orange 011, whlch, upon trlturatlon wlth hexane, provided 

the product a s  a colourless solid (0.6 9). 

n, 10(11)-l 3C1 7- 5- ( t - l  3 ~ -  -amlno~ro~vlldene)-SH-dlbenzo~a ,d 7- 
10,ll-dihYdrocvcloheDtene (111: 3C~-Desmeth~lnortr l~tv l lne)  - 

A rnlxture of the labelled N-acetate &HI; 0.44 g) and a 30% solutlon 

of potasslum hydroxide in aqueous ethanol (1:l; 15 ml) was heated 

under reflux for 20 hours, then evaporated to a small volume, diluted 
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with water (30 ml) and extracted with ether. The organic extracts were 

combined, washed with water and extracted with 10% hydrochloric 

acld (2 x 5 ml). The combined aqueous extracts were baslfled and 

extracted with ether, to afford the product as  a colourless oil (0.26 g: 

68%). 35 mg of this material were converted to the hydrochloride sa l t  

using ethereal HCI, and recrystallised from methanol-ethyl acetate a s  

colourless needles. Yield 27 mg, m.pt. and mixed m.pt. 255-259OC. 

TLC (CHC13- MeOH-NH40H, 60:8:1; Rf 0.64) showed that the product 

ran a s  a single spot and was identical with an authentlc sample. 

10(ll)-13C 7-5-( 1-13C- Y -N-methvlamlnopro~ylidene)-SH- 

A solution of 13C2-desrnethylnortriptyllne fIII: 110 mg) In dry pyrldlne 

c k z o f i  ,d ,-'lo, 11-dihvdrocvcloheptene (II: 3C2-Nortr l~t~l lne)  

(1 ml) was treated with ethyl chloroformate (redistilled; 45 p1) and 

allowed to stand a t  room temperature for one hour. I t  was then evaporated 

to dryness and the residue partltloned between water and ether. The organic 

layer was separated, washed with dilute hydrochlorlc acid and water, 

dried and evaporated to provide the carbamate (XIV; 85 mg) a s  a brown 

011, 3 max 1710 Cm", M+ 323. This was dissolved in dry ether (3 ml) 

and added dropwise to a stlrrlng slurry of lithium aluminlum hydrlde 

(280 mg) In ether (12 ml).  After stirring the resulting mixture a t  reflux 

temperature overnight,0.3 ml each of ethanol, water and 20% aqueous 

sodlum hydroxlde were added, followed by 1 ml of water. The 

resulting mixture was filtered, washed well with ether and the filtrate 

was  extracted twice with dilute hydrochloric acid. The comblned acld 

extract8 were baslfled and extracted wlth ether, to provide 48 mg (69%) 

of 3C2-nortrlptyline. base,  which was chromatographlcally homogeneous 

by TLC (CHCI3-MeOH-NH40H, 60:8:1; Rf 0.65). I t  was converted to 

the hydrochloride and recrystalllsed a s  descrlbed above. Yield 40  rng, 

m.pt. and mixed m.pt. 214-216OC. 
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5,10( l l ) - ’3c  7 - 5 - (  -13C- -N,N-dimethylamlnoDrooylldene)-5H- 
G e n z o r a ,  d j 2 1 0 ,  11-dlhvdroxyxloheptene (I: 13C:2-Amitript~line~ 

A mixture of 13C2-desmethylnortriptyllne (HI: 138 mg), formic acid 

(98%: 0.4 ml) and formaldehyde solution (37%; 0.45 ml)  w a s  heated a t  

100°C for 2 hours. Concentrated hydrochloric acid (0.25 ml) w a s  

added and the mixture evaporated to dryness in vacuo. The residue 

w a s  dissolved in water,vmshed twice with ether,  basified and extracted 

in the usual way to yield 105 mg (68%) of 13C2-amitriptyline base.  

TLC (CHC13-MeOH-NHqOH, 60:8:1) Rf 0.78. This was  converted 

to the hydrochloride and recrystall ised a s  above. Yield 77 mg, 

m.pt. and mixed m.pt. 193-196 C.  0 

Mass  spectrometw and 13C-NMR SDeCtrOSCODy 

The chemical ionisation (isobutane) mass spectra of 13C-labelled 

amitriptyline, nortriptyline and desmethylnortriptyline showed 

quasimolecular (M+l) ions a t  m/e 280, 260 and 252 respectively,  

each two mass units higher than the corresponding non-labelled 

compounds. The relative intensit ies of these  ions and those a t  

one and two mass units lower indicated that about 80% of the molecules 

contained two carbon-13 atoms. 

The proton-decoupled 13C-NMR spectra of each  13C2-labelled 

compound showed four single resonance signals ass igned  to 

carbons 5 ,  10 and 11 in the  tricyclic ring and  the )side chain carbon. 

The 10 and 11 carbons can be individually distinguished due  to 

their different spatial orientation relative to the s ide  chain. The 

chemical shifts ,  relative to TMS, of these  carbons (33.0 and 34.8 ppm) 
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were identical for all three compounds. Slmllarly the C-5 signals 

had almost ldentlcal chemical shlfts occurring a t  148.2 to 148.5 ppm. 

The rslde-chain carbon exhibited the predicted upfleld shlft In 

the ser les  -CH2N(CH312 (58.3 ppm), -CH2NHCH3 (50.0 ppm), 

-CH2NH2 (40.6 ppm) . The relatlve lntenslt les of the resonance 

signals was consistent with the isotopic lncorporatlon a t  each 

labelled posltion and the hybrldlsatlon state of the carbon atom. Thus, 

the Y-carbon produced the most Intense signal,  while the slgnals 

due to the s p  C-10 and 11 atoms were greater than that due to the 3 

n 

sp' C-5, desplte the greater isotope lncorporatlon a t  the latter 

posltion. 
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