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&uaternary m o n i u m  compounds formed a t  the s i t e  of act ion by spontaneous 
c y d i z a t i o n  of tertiaryw-haloaZkyZmine precursors may have in teres t ing  
phamacological propert ies .  In  order t o  study the pharmacokinetics of 
thc cyc l i za t ion  principle ,  a ser ies  of new t e r t ia ry  w-haZoaZkylmines 
derived from p-chloroamphetmine 
and ZabeZled with tritium a t  high spec i f i c  a c t i v i t y .  

has been synthesized both unlabelled 

Key Words: Cyclizing mnpunds, T r i t i u m ,  Reductive alkylation, p- 
Chlomaqhetamine derivatives. 

The preparation and pharmacological investigation of cyclizingw-haloal- 
kylamines has been reprted recently (1-4). Resul t s  of these studies 
showed that interesting pharmacological properties, such as a local 
amesthetic effect  of long duration, can be achieved by somequaternary 
m n i u m  ccqmmds which are f o m d  at the sites of action by spntaneous 
qc l iza t ion  of the corresponding tertiaryw-haloalkylamine precursors. 
The quaternary ccarpourds thenselves pass the cell rrpmbranes very slowly, 
which results in  p r  oral  absorption ad inability to pass the b l d -  

brain barrier. Wver, the tert iary amine precursors i n  the basic form 
are able to pass the rrrmbranes and thereby serve as  a good t r a n s p r t  

form for the quaternary axqxmrds. The application of this cyclization 

+ 
P a r t  111.: T Gosztonyi, R Sandberg and C H Ramsay 

J Labelled Chtpunds & Radiophannaceuticals, in press 
++ To whcm the correspondence should be adressed 

0 1977 by John WiZey & Sons, Ltd. 



294 T. Gosztonyi, K.E. Domeij and S. ROSS 

principle seemed to be prCanising enough to justify mre detailed phanua- 
cokinetic studies on suitable n-cdel substances. For this purpse a 
series ofw-haloalkylamines having different rates of cyclization were 
prepared. It was knawn frm previous studies (1oc.cit.) that the rate of 
cyclization was influenced by the length of the alkyl chain, the nature 
of halogen atom and the position of the latter, i.e. whether it was 
attached to secondary or tertiary carbn. In order to facilitate the 
analysis of the halmlkylamines and the quaternary ccarpounds formed from 
them, the substances were also prepared labelled with a radioactive 
isotope. As the metabolism of the tertiary amines is a complicating 
factor in these investigations making the kinetic analysis mre difficult, 
the biotransfomtion had to be suppressed. The tertiary haloalkylamine 
derivatives of pchlorcanphetamine (A) labelled in the N-methyl group 
se& to be mst suitable in fulfilling this requiremnt. These conp3unds 
are stable to mnomine oxidase as well as to metabolic hydroxylation in 
the aromatic ring. However the oxidative N-demethylation is very difficult 
to hinder regardless of other structural elements, but by having the 
radioactive label in the N-methyl group, the metabolic dmthylation 
results in non-radioactive metabolites and thereby causes m disturbing 
factor in the analysis. In order to achieve high specific activity, 
tritium labelling of the N-methyl group was chosen. 

In the present paper we wish to reprt the chemical synthetic part of 
the mrk. The results of the pharrnacokinetic investigation will be 
published elsewhere. (5) .  

Five neww-haloalkylamines (A) Ere prepared. The tertiary ccknpounds are 
stable in the form of their salts but undergo spontaneous cyclization as 
bases according to equation 1 (cf. fig. 2 .  in ref. 2 . ) :  

A 
A x = tritium labelled B (equation 1) 

The substances synthesized are listed in the table below. cclnpounds I- 
I11 were also prepared tritium-labelled in the N-mthyl group. 
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I 3 H c1 
I1 4 H c1 
I11 4 H B r  

c1 N 
B r  V 

3 (313 

3 cH3 

A corncon synthetic route of preparation for  a l l  the five compounds was 

used. A t  f i r s t  the secondaryw-hydroxyalkylamines were prepared. Acyla- 

t ion of p-chloroanphetamine with the acid chloride of succinic acid mno 
rrethylester or of glutar ic  acid mno rrethylester respectively qave an 
amidester  which was reduced w i t h  L M H 4  t o  the secondary hydroxyalkyl- 

amines corresponding to c0np-s 1-3 a s  shown in  equation 2: 

C l Q - i 2 X i , ,  + cl-c-(cH2)"--coocH3 I I  

u I 

n = ? ,  3 

(equation 2)  

The secondary hydmxyalkylamine corresponding to con-pmds 4 and 5 was 
prepared by acylation of p-chloroanphetamine withr-valerolactone and 
subsquent LiAU14 reduction of the hydroxyamide formed (equation 3) : 
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(equation 3 ) .  

The secondaryw-hydroxyalkylamines, obtained i n  y ie lds  of 50-70 %, were 
then N-mcthylated by reductive alkylation. In  the case of the preparation 

of the t r i t i a t e d  compounds the l a k l  w a s  introduced i n  this reaction 

step.  In order t o  achieve high spec i f ic  ac t iv i ty  the secondary amines 

were reacted with formaldehyde followed by ca t a ly t i c  t r i t i a t i o n  using 

carrier-free tritium gas as shown in equation 4 .  C a r e  was  taken i n  the 

choice of a su i tab le  ca t a lys t  i n  order to avoid simultaneous hydrogene 

l y t i c  loss of the aromatic chlorine. Freifelder ( 6 )  r e c m d s  the use 

of rhodium on carbon a t  2-3atrn. pressure i n  similar cases. I n  our experi- 
ments, th5s ca t a lys t  proved to k very useful even a t  a m s p h e r i c  pressure 

i n  the case of catalytic hydrogenation, o r  a t  reduced pressure i n  the 

case of t r i t i a t i o n .  The wthyla ted  products could be obtained in nearly 

quantitative yields.  The spec i f ic  a c t i v i t i e s  of the tritiated products 

were of the order of 20 C i / M .  

1. CII2O 

2. H20r T2 + Rh/C 

3 w = posit ion of 

R = H ,  CEi 

n = 3 , 4  

(eguation 4 )  

H label 

3 
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The las t  step in  the syntheses was the preparation of the corremradinq 

chloro- and brmder iva t ives .  This was prformed by using thionyl 

chloride and thionyl branide r e w t i v e l y  according to equation 5. The 

chloro-comunds were obtained in 50 - 90% yield, while the bromoderiva- 

tives were fonned in  yields of 30 - 40%. The products were isolated as 
oxalates. 

4 

x = position of 3H label 

R = H ,  M3 

n = 3 ,  4 
X = C l ,  B r  

(quation 5) 

The radiochemical purity of the labelled forms of compounds 1-111 was 

determined by radio - thin layer chramtoqraphy. C m p u d s  I and I1 
could be obtained with radiochemical purities of>97% after  recrystalli- 

zation, while i n  the case of compound I11 the radiochemical purity was 

not better than 858, so that this product had to  be further purified by 
t h i n  layer chramtqraphy. 

All three labelled compounds m e  unstable on storage. C c q o m d  1 was 

prepared fram the tert iary hydroxy-derivative a t  a specific activity 

level of about 20 Ci/nN, but this high specific activity proved to be 

jmpractical f m  the point of view of storage. The final product was 

therefore diluted with pure inactive carrier to a specific activity of 

1.3 Ci/nN. The prepration of compmds I1 and I11 was perforrred by 

using diluted tert iary hydroxyderivatives and the final products obtained 

had specific activit ies of 2.9 and 3.6 C i / M  respctively.  Haever, the 
s tabi l i ty  on storage, even of these diluted products, was limited. The 

labelled cca-qmurds m e  stored in a freezer a t  -2OOC as solids. 

The radiochemical purity of cxqx~ und I decreased af te r  ~KI mnths of 

storage to a value of about 70%. The main product of radiolysis proved 
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to be the mrrespordinq cyclized quaternary derivative (about 27%) and 
tw~ further unidentified radioactive peaks representing about 3% of the 
total activity could be detected. The impurities could easily be remxred 
by recrystallization. 

Cenpound I1 sh& sawwhat better storage properties. In spite of its 
higher specific activity, the radiochemical purity of this product 
decreased only to 83% after six mnths of storage at -2OoC, the rain 
iqurity (14%) beinq again the cyclized quaterxxzry derivative. A single 
recrystallization increased the radiochemical purity to 97%. The better 
stability of caqmund I1 can be expected as the rate of its cyclization 
in the pharmacokinetic studies was also much 1- (5).  

The radiochemical purity of ccmpo und I11 decreased to 38% after four 
mnths of storage. The rest of the radioactivity could be detected 
partly as the cyclized quaternary derivative (37%), and partly as un- 
identified decapsition products (25%). Repurification of t h i s  product 
could not be effected without further dilution with pure inactive 
carrier. By doing so, the recrystallized prcduct had a specific activity 
of 2.4 CiirrM and a radiochemical pxity of 85%. Aliquot sanples of this 
prcduct were purified by thin layer ChmMtography irrmediately before 
use (5) .  

EXPERIMENTAL 

Melting- and bilinq-pints reported are uncorrected. 

Analyses. All dabe l l ed  intermediates arid final products were analyzed 
for C, H, N and halogen. In cases were the intermediates m e  further 
reacted without purification, a sample for analysis was prepared separately. 
The microanalyses were carried out at the laboratories of Dr A Bernhardt, 
Miihlheim, West Germany. The analytical results were within -0.4% of the 
theoretical values. 

4- 

IR and NMR spectra of the isolated intermediates and f inal  products were 
recorded by using a Perkin E l e r  720 IR spectmpbtometer and a Varian 
T60 NMR spectrometer respectively. 

Thin layer chrcamtography. Precoated silica gel plates (F254,0.25 mn 
layer-thickness, E. Merck, Darmstadt) ere  used. &ton&- 25% NH40H 
(15:l) was anployed as the developing solvent systan except for the 
bram derivatives (carpounds I11 and V) which seaned to undergo cycli- 
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zation during chramtqraphy in this system. For the latter the solvent 
system acetone- acetic acid (15:2) proved to be applicable. The R f  

values for the different intermediates and final products are qiven 
belaW: 

Acylated p-chloroaqhtamines 0.75 - 0.80 

Secondaryw-hydroxyalkyl derivatives 0.55 - 0.60 

Tertiary w -hydmxyalkyl derivatives 0.65 - 0.70 

Tertiary w-chlomlkyl derivatives 0.75 - 0.80 

Tertiary w-brcmxlkyl derivatives 
in acetone - acetic acid (15:2) 0.45 - 0.50 

Cyclized quaternary derivatives 
in both solvent systans 0.00 - 0.05 

Specific radioactivities were measured in a Packard TriCarb liquid 
scintillation spectraneter (Model 3320) using internal standardization 
(Hexadwane - 1,2 - 3H fran the Radiochemical Centre, Aroersham) . 

Scanning of the chromatograms of the labelled products was carried out 
in a Berthold "Diinnschicht Scanner 11". 

The description of the chemical syntheses which follcms here has been 
divided into four groups: 

1. Acylations of pchloramphetamine 
2. 
3 .  

4.  

L N H 4  reduction of the amides 
Reductive methylation of the hydroxyalkyl amines 
Preparation of the chloro- and brunrderivatives 

N-p-Chlorophenylisopropyl-3-car~thoxypq ionamide (la) . - To a cold 
(-lO°C) solution of 229 (107rrf4) pchloroanphetamine hydrochloride and 
41.59 (32orrf.I) ethyldiisopropylamine in 300 m l  of dichlorcethane was 
added during 20 minutes 16.6g (1lM) of the acid chloride of succinic 
acid mnawthylester in 75 ml of dichlorcethane. The mixture was heated 
at 7OoC for 15 minutes. !l%e precipitated salt was m v e d  by filtration 
and the filtrate was washed with 30 ml of IM HC1 and 4x25 ml of water. 
After drying over MgS04 the solvent was remwed at reduced pressure and 
the residue (29.5g) was recrystallized fran 300 m l  of diisopropyl ether 
yielding 26.8g (89%). of a white crystalline product. M.p.: 96-98OC. 
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N-p-Chlorophenylisopropyl-4-car~1ethoxy butyramide (16) was prepared 

by essent ia l ly  the same procedure as described above by using the acid 

chloride of g lu t a r i c  acid m n m t h y l e s t e r  as the acylating agent. The 

crys ta l l ine  product was formed i n  a y ie ld  of 82%. P4.p.: 83-85OC. 

N-p-Chlorophenylisopropyl-4-hydroqvaleramide (lc) . - A mixture of p- 

chloroamphetamine (17.4g., 103 rrfiI), y -valerolactone (10.4g., 1OomM) and 
water (2Oml) w a s  heated under reflux for  95 hours under a gentle stream 
of argon. The rmxture was  cooled and extracted three times w i t h  chloro- 

form. The collected ex t rac ts  were washed w i t h  2M HC1, saturated NaHC03 

and solutions. The organic layer w a s  then evaporated 

to dryness. The residual o i l  (16g) so l id i f ied  on adding a mixture of 

ether-petroleum e ther  (1:l) . The solvent mixture was decanted and the 

residue washed with cold diisopropyl ether yielding 7.79 (28%) of a 

white so l id  which w a s  reacted i n  the next reaction s t ep  without fur ther  

purification. A sample prepared fo r  analysis by recrys ta l l iza t ion  from 

diisopropyl ether had a melting p i n t  of 65-68.5OC. 

saturated Na SG 2 4  

2 .  L i A H 4  REDUCTION OF THE AMIDES 

N-(4-Hydroxybutyl)-p-chloroanphetamine (2a).  - A solution of 12g (4omM) 

- la i n  500 m l  of dry ether w a s  slowly added to a ch i l led  (OOC) suspension 

of 8.6g (17W4) L N H 4  om 250 m l  of e ther  

heating under reflux fo r  24 hours the excess of hydride was decamp3sed 

by the subsequent addition of e thyl  acetate (13.81n.l)~ ethanol (20.8ml) 

and saturated N a 2 S 0 4  (55.5m1). The saltmixture was r m e d  by f i l t r a t i o n  

and washed with e ther .  The combined ethereal solutions were extracted 

with 50 m l  of lM HC1. The hydrochloric acid extract was  washed with 5x25 

ml of ether,  made aYKaline w i t h  ION NaOH and the amine was  extracted 

w i t h  4x5Oml of ether. After drying over Mgs04 the ether w a s  removed 

in  vacuo. The residual oi l  (9.59., 92%) w a s  distilled a t  reduced pressure 

using a short  c o l m  f i l l e d  with g lass  helices.  The f rac t ion  boiling a t  

140-143°C/0.4 mn Hg w a s  collected. Yield: 59 (54%).  

during 1.5 hours. After 

N-(5-Hydroxypentyl)-pchloroanphetamine (2b) w a s  prepared from & by 

the same procedure as described above giving an o i l  (8.49., 98%) which 

soon so l id i f ied  a f t e r  standing a t  r c o m  temperature. Recrystall ization 

from cyclohexane gave white crystals (6.59., 75%).  M.p . :  49-50°C. 

N- (4-Hydroxypentyl) -pchloroanphetamine (2c)  was prepared from & by 

essent ia l ly  the  same procedure as described under &giv ing  5.lg of an 

o i l y  product which c rys ta l l ized  a f t e r  standing a t  m temperature fo r  
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several mnths .  The oil was used in the next reaction s t ep  without 

fur ther  purification. 

N-Methyl-N-(4-hydroxybutyl)-p-chloroamphetne (3a ) .  - To a solution of 

2 .49  ( l M )  i n  25 ml of abs. ethanol, 0.32g (10.5W) parafomldehyde 

w a s  added. The suspension w a s  kept a t  room temperature fo r  48 hours with 

occasional shaking. A clear solution w a s  obtained. After adding 0.49 of 

5% r h d i m  on c a r b n  ca ta lys t ,  the mixture w a s  hydrogenated a t  atmospheric 

pressure. The calculated m u n t  of hydrqen  w a s  taken up within 2 hours. 
The ca t a lys t  w a s  ramved by f i l t r a t i o n  and the solvent was evaporated a t  

reduced prqssure giving an o i l  (2.5g., 96%) which was halogenated without 

further purification. 

N-Methyl-N-(5-hydroxypentyl)-p-chloroanphetamine (3b) and 

N-Methyl-N-(4-hydroxypentyl)-p-chloroarrphetamine (3c) were prepared by 

the same procedure as described above. The o i l y  products formed i n  

y ie lds  of 96% and 98% respectively were halogenated without fur ther  

purification. 

3 3 N-Methyl- H-N- (4-hydroxybutyl) -p-chloroanphetamine (3a- H) and 

3 3 N-Methyl- H-N- (5 -hydroqpnty l )  -pchloroanphetamine (3b- H) w e r e  prepared 

similarly. These preparations were carried out on a 0.5 mM scale on a 

vacuum m i f o l d  using carrier-free t r i t i u m  gas. The products, formed i n  

yields of 97%, showed a s ingle  radioactive peak upon th in  layer chromto- 

qraphy a t  Rf values corresponding to those of the authentic unlabelled 

samples. 

4 .  PREPARATION OF THE CHLORD- AND BROMO-DERIVATIVES 

N-Methyl-N- (4-chlorobutyl) -pchloroanphetamine oxalate (compound I)  . - 

To a solution of 2.4g (9 .6M)  2 i n  6oml of dry chloroform, 2.3g (1%) 
freshly d i s t i l l e d  thionyl chloride w a s  added. The solution was allowed 

to  stand a t  room tanperature for  1 hour and then heated under r e f l u  for 

2 hours. Evaporation t o  dryness under reduced pressure gave 3.lg of a 

clear yellaw o i l .  This w a s  dissolved i n  25 m l  of water, washed with 2x15 

m l  of ether,  rmde alkaline by adding so l id  Na2m3 and the base w a s  
extracted w i t h  ether. The e therea l  extract w a s  dried and added to a 
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solution of anhydrous oxalic acid in ether. The w h i t e  precipitate 

(2.99) was recrystallized fran 90% ethanol saturated with ether giving 

2-19 (61%) of a white crystal l ine product, M.p.: 108-113°C. Recrystalli- 
zation from acetoni t r i le  increased the r re l thg pint to 116-118OC. 

??-Methyl-N- (5-chlorapentyl) -p-chloroaphetamine oxalate (ccanpound 11) 

was prepared by essentially the s a w  procedure as desc r ibd  aba-e. The 

yield of white crystalline oxalate was 87%. M.p. : 124-126OC. 

N-Methyl-N- (5 -bmpen ty l )  -pchloroanphetamine oxalate (ccsnpound 111) 
was prepared similarly by using thionyl branide instead of thionyl 

chloride. The yield of the pure b r m  ccnpound was 38%. M.p.: l09-lll0C. 

N-b&thyl-N- (4-chloropentyl) -p-chlorvhetamine oxalate (ccarpound TV) 
was formed under the same conditions as described for  ccmpound I in a 

yield of 51%. The melting pint of the pure p r d u c t  was 113-11SoC. 

N-Methyl-N- ( 4 - b m p n t y l )  -pchloroanphetamine oxalate (caopound V) 
was prepared similarly. The yield of the pure b m  ccmpound w a s  31%. 

M.p. : 96-lOO0C. 

The labelled forms of compo unds 1-111 
same procedure a s  described for  the unlabelled derivatives. These prepa- 

rations were carried out on the 0.5-1 nM scale. The questions connected 

w i t h  the specific ac t iv i t i e s  and radiochemical puri t ies ,  as w e l l  a s  

storage properties of the labelled products were discussed in the general 

part. 

wre prepared by essentially the 

This work was presented in  part a t  the congress of the Swedish Chemical 

Society in E v h g e r ,  1975. 

The authors' thanks are due t o  D r  Brian Prinq for  l inguis t ic  help in the 

preparation of the m u s c r i p t .  
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