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SYNTHESIS OF SITE SPECIFICALLY DEUTERATED PRIMAQUINES 11. N-ALKYL 
DEUTERATED PRIMAQUINES. 
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Department of Pharmacognosy, School of Pharmacy, 
The University of Mississippi , University, MS 38677 

SUMMARY 

Two s i t e  spec i f ica l ly  deuterated primaquines were pre- 
pared. 4',4'-Dideutero primaquine 2 was obtained from the 
corresponding dideutero alcohol which was prepared by the low 
temperature reduction of the e s t e r  compound 9 w i t h  lithium 
aluminium deuteride. 1'-Deutero primaquine r was prepared by 
the reductive a1 kylation of 6-methoxy-8-aminoquinoline w i t h  
N-(2-oxopenty1)-phthalimide in the presence of sodium cyanoboro- 
deuteride followed by removal of protective phthalimide group. 
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INTRODUCTION 

Synthesis of f i ve  quinoline ring deuterated derivatives of the antimalarial 

The study of metabolism of drug, primaquine 1, was reported recently by us. (1) 

primaquine in microorganisms (2)  and i n  laboratory animals (3) led to the ident i f i -  

cation o f  8-(3-carboxy-l-methylpropyl amino)-6-methoxyquinol ine 2 as the major 

metabolite of the drug. 

deuterium a t  the carbon atom adjacent t o  the primary amino group (4 '  position) 

of the N-alkyl chain. 

of deuterium a t  the s i te  of metabolism caused a s h i f t  i n  the amount of d r u g  d i s -  

tr ibuted in competing metabolic pathways. 

the methine proton (position 1 ' )  in the N-alkyl group as this position may re- 

present another potential s i t e  of metabolism. 

T h i s  prompted us to  synthesize primaquine labelled with 

I t  would be of in te res t  to know whether the introduction 

Also described is the deuteration of 

RESULTS AND DISCUSSION 

Ester 4, the synthesis of which we recently reported ( 4 ) ,  was a convenient 

s t a r t i ng  compound fo r  the preparation of the 4 '  ,4'-dideutero primaquine, 3. 
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R1 R2 

1. R, = H R, = -CH,NH, 

2 .  R ,  = H R, = -COOH 

3. R ,  = H R, = -CD,NH, 

4. R, = H R, = -COOC,H, 

5. R, = H 

6. R, = H 

7. R, = H 

8. R, = H 

9. R, = 0 R, = -CH,NH, 

CH,COCH,CH,CH,-N 

10. 

The y i e l d  o f  es te r  4 formed by r e d u c t i v e  a1 k y l a t i o n  o f  6-methoxy-8-aminoquino- 

l i n e  w i t h  e t h y l  l e v u l i n a t e  cou ld  be improved t o  

t i o n  o f  t h e  r e a c t i o n  pe r iod  from seven days t o  about twenty days. The i n i t i a l  

p lan was t o  conver t  ? i n t o  the  amide Z w h i c h  cou ld  then be reduced t o  the re -  

qu i red deuterated primaquine 3 w i t h  l i t h i u m  aluminium deuter ide.  However the 

d i f f i c u l t y  encountered i n  the attempted p repara t i on  o f  t he  amide (5)  from the  

e s t e r  forces us t o  t h i n k  i n  terms o f  an a l t e r n a t e  rou te .  Attempted preparat ion 

of the N-benzylamide 5 from e i t h e r  2 o r  4 using several r e a c t i o n  cond i t i ons  was 

no t  successful.  

and t o  debenzylate t h e  secondary amine by hydrogenolysis t o  produce 3. 

85% by i nc reas ing  the  dura- 

We had planned t o  reduce the  N-benzylamide t o  the  N-benzylamine 
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An a l te rna t ive  approach was t o  reduce es te r  $ t o  the dideutero alcohol 1. 
and then convert the alcohol t o  an amino compound by one of several methods re- 

ported in the l i t e r a tu re .  

reduction of the ester group to  the corresponding primary alcohol group w i t h  

lithium aluminium deuteride. 

rature and there was very l i t t l e  conversion even a t  reflux i n  ether.  

t ion was nearly instantaneous even a t  room temperature when terahydrofuran was 

used a s  the solvent. The color of the reaction solution changed from yellow 

to  red as soon as a solution of es t e r  f t i n  terahydrofuran was added t o  a sus- 

pension of lithium aluminium deuteride i n  tetrahydrofuran. 

reaction and purification by column chromatography gave a homogeneous product. 

The 'H-nmr of the purified product showed clearly tha t  deuteration had occurred 

a t  position C-2 of the quinoline r i n g  as well as there being reduction o f  the 

e s t e r  group. The C-3 and C-4 protons appeared as a p a i r  of doublets with J = 

10 Hz, while the C-2 proton was absent. 

temperatures. 

lower the reaction temperature. The reduction appeared to  take place a t  about 

-35 degrees C when the temperature of the reaction was allowed to warm slowly. 

'H-nmr analysis of the product obtained by low temperature reduction i n  the 

presence of a s l i gh t  excess of the reducing agent showed tha t  there was no 

deuterium incorporation a t  position C-2 of the quinoline ring. 

Some interesting observations were made during the 

No reduction took place in ether a t  room tempe- 

The reac- 

Work-up of the 

The reduction was repeated a t  low 

There was no reaction when acetone-Dry Ice@ bath was used t o  

Alcohol 1. could not be converted i n t o  the corresponding iodo compound i n  

sa t i s fac tory  y ie ld .  

8 by the method of Mitsunobo. (6) 

of terahydrofuran and reflux of the reaction gave better resu l t s .  

product o f  the reaction was purified by column chromatography and then sub- 

jected to hydrazinolysis t o  remove the phthal imide protecting group t o  produce 

the required 4 '  ,4-dideutero primaquine i n  yields ranging from 30 to 40%. 

'H-nmr and mass spectral data were i n  complete agreement w i t h  the expected struc- 

ture.  

However i t  could be converted into N-phthalimide derivative 

I t  was found tha t  the use of benzene i n  place 

The major 

The 
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The synthesis of 2was  achieved as follows. Potassium phthalimide was alky- 

lated with 5-bromo-2-pentanone ( 7 )  i n  refluxing acetone to give N-(2-oxopenty1)- 

phthal imide Reductive a1 kylation of 6-methoxy-8-aminoquinol ine 

w i t h  lo i n  the presence of sodium cyanoborodeuteride (prepared according to  the 

method of Borch (8) from sodium cyanoborohydride) gave the N-phthal imide derivative 

of 9. 
of which showed a three-proton s ingle t  a t  1.3 6 , C-5' methyl. 

derivatives o f  primaquine a re  being examined i n  metabolic studies to discover any 

changes in the transformation pathways. 

i n  74% yie ld .  

Hydratinolysis of the phthalimide compound gave the required 9, the 'H-nmr 

The two deuterated 

 EXPERIMENTAL^ 
Preparation of 8-(4-hydroxy-4,4-d~-l-methylbutylamino)-6-methoxyquinoline, I :  
To a suspension o f  l i t h i u m  aluminium deuteride (0.045 g,  1 m o l e )  i n  tetrahydro- 

furan (15 ml), cooled i n  acetone-Dry Ice@ b a t h ,  was added dropwise w i t h  s t i r r i n g  a 

solution of 4 (0.302 9 ,  1 mmole) i n  terahydrofuran (10 ml). 

was complete, the temperature o f  the solution was slowly raised to -35 degrees C 

where the color of the s o l u t i o n  changed from pale yellow t o  deep red. The reac- 

tion was kept s t i r r i n g  a t  tha t  temperature for  f i f teen  minutes and  then deuterium 

oxide (8 ml) was added and the result ing mixture s t i r r e d  well. 

was removed under reduced pressure a t  room temperature and  the residue was ex- 

tracted with methylene chloride (25 m l ) .  

dried over anhydrous sodium su l f a t e  and concentrated to give a yellow o i l  which 

was purified by column chromatography using neutral alumina as the absorbent and 

After the addition 

Tetrahydrofuran 

The organic phase was washed with brine, 

ITLC was done on Sil G-25 U V Z 5 4  (Brinkmann Instruments, Inc.) plates using A )  
methanol :chloroform (15:85) and B )  ethanol :benzene (8:92) as solvents. HPLC 
was done w i t h  a Waters k s o c i a t e s  M6000A pump, U6-K in jec tor  and U V  detector 
(254 nm)  using a mondapak C I S  column. 
water:2.8 L methanol containing 2 .2  g potassium dihydrogen phosphate a n d  3.3 g 
potassium hydrogen phosphate was used a t  a flow ra t e  of 2 ml/min. Column chroma- 
tography was performed w i t h  E. Merck alumina, neutral ,  ac t iv i ty  grade I ,  70-230 
mesh. GC was performed on a Beckman GC65 instrument using a 6 f t .  x k @D glass 
column of 3% OV-17 w i t h  deactivated support. 
instrument us ing  tetramethylsilane a s  internal standard. 
Finnigan 3200 GC/MS/DS (INCOS) System. 

A mobile phase of 1 . 2  L d i s t i l l e d  

NMR was recorded on a Varian E-390 
MS was recorded on a 
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hexane-chloroform (1:l) a s  the e l u a n t .  

genous by TLC (Solvent A) and HPLC.  

The e lu ted  pa le  ye1 

Yield 0.205 g (78%).  

' H  NMR (CDC1,): 8.57 6 ( lH, dd, J = 5,2 H z ,  C-ZH), 7.87 (1H 

ow o i l  was homo- 

dd, J = 8,2 HZ, C-4H), 

7.20 (lH, dd ,  J = 5,8 Hz, C-3H), 6.3(2H, s ,  C-5H and C-7H), 6 .0  (lH, b, exchangeable 

w i t h  OzO) ,  3.84 (3H, s ,  QCH,), 3.57 (lH, m), 2.5 (lH, exchangeable w i t h  D,O), 1.63 

(4H, m )  and 1.27 (3H, d ,  J = 7 Hz). 1 3 C  NMR(PND)(CDCl,): 159.6 (C-6), 145.2 (C-8), 

144.4 (C-2), 135.5 (C-8a), 134.8 (C-4),  130.0 (C-4a), 121.7 (C-3), 96.9 (C-7), 91.8 

(C-5), 55.1 (OCH,) 48.1 (C-2 ' ) ,  33.8 ( C - l ' ) ,  29.9 (C-3 ' )  and 20.5 (C-5 ' ) .  

262 (M', 21.4%), 201 (lOO.O%), 186 (21 .5) ,  174 (28.7)  and 159 (23.0).  

MS (m/z): 

Preparat ion of 8(4-amino-4,4-d,-1-methylbutylamino)-6-methoxyquinoliney - 3: 
A mixture of alcohol L (0.786 g ,  3 m o l e ) ,  tr iphenylphosphine (0.780 g ,  2 m o l e ) ,  

eh ty l  azidodicarboxylate  (0.525 g ,  2 m o l e )  and phthalimide (0.900, 6 m o l e )  i n  

benzene (30 ml) was ref luxed under ni t rogen atmosphere f o r  three hours. 

s t a r t i n g  alcohol compound remained (TLC, Solvent  A ) .  

duced pressure and the res idue  was chromatographed on a column of neutral  alumina 

and e l u t e d  w i t h  chloroform. The p u r i f i e d  mater ia l  g, was ref luxed i n  alcohol (25 

m l )  containing hydrazine hydrate  (1.0 ml) f o r  one hour. 

z ine  were removed under reduced pressure and the res idue  was chromatographed on 

neutral  alumina. 

yellow o i l .  

t a l s ,  m.p. 200-02 degrees C.  

No 

Benzene was removed a t  re- 

Alcohol and excess  hydra- 

Chloroform: methanol (19: l )  e l u t e d  the des i red  compound 3 a s  a 

Diphosphate, l i g h t  orange crys-  Yield,  0.248 g (33.0% based on g). 

' H  NMR (CDC1,): 8.57 6 (1Hydd,J=5,2 H z ,  C-2H), 7.87(1HY dd, J = 8,2  Hz, C-4H), 7.2 

(lH, dd,  J = 5,8  Hz, C-3H), 6.3(2H, s ,  C-5H and C-7-H), 3.84(3H, s, OCH3), 3.57 

(lH, m ) ,  1.63(4H, m) and 1.27(3HY d ,  J = 7 Hz). MS (m/z): 261 (Mf, 11.3%), 244 

(Mf- N H 3 ,  5 .9) ,  201(100.0%), 186(22.2) and 174(31.4).  

Preparat ion of N-(2-oxopenty1)-phthalimide, lo: 
A mixture of potassium phthalimide (18.6 g ,  0.1 mole) and 5-bromo-2-pentanone 

(16.5 g, 0.1 mole) i n  anhydrous acetone (100 ml) was ref luxed for sixteen hours 

unt i l  gas chromatographic a n a l y s i s  of an a l i q u o t  of the mixture showed t h a t  

the  reac t ion  was complete. 

concentrated t o  y i e l d  a s o l i d  res idue .  

The s o l i d  was f i l t e r e d  and the c l e a r  f i l t r a t e  was 

The res idue  obtained was c r y s t a l l i z e d  
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from chloroform-methanol m i x t u r e  as c o l o r l e s s  needles, m.p. 72-74 degrees C. 

Y ie ld ,  16.6 g, (74.0%). 

'H NMR(CDC1,): 7.8 6 (4H, aromat ic) ,  3.73(2H, m y  -CH,CH,CH,-N=), 2.53(2HY m y  

-CH2CH2CH2N=), - 2.13 (3H, s ,  &CO) and 2.0(2H, m, -CH,CHJH,N=). 

Preparat ion Df 8-(4-amino-l ' -d -1-methyl butylamino)-6-methoxyquinol i n e  2: 
To a m ix tu re  of 6-methoxy-8-aminoquino1ine (0.35 g, 2 mmole) and lo (0.25 g, 1.1 

m o l e )  i n  methanol-d,(20 m l )  were added 4A moleculer  sieves (5 g) and p-toluene- 

s u l f o n i c  a c i d  (0.15 9) .  

two hours, Sodium cyanoborodeuteride 

and t h e  r e a c t i o n  was kept  s t i r r i n g  f o r  f i v e  days a t  room temperature, a d d i t i o n a l  

q u a n t i t i e s  (0.66 g each) o f  sodium cyanoborodeuteride were added every twenty- four  

hours, 

t e r a t e  was concentrated and the  res idue  was r e f l u x e d  i n  a lcohol  (20 ml) con ta in ing  

hydrazine hydrate (0.8 m l )  f o r  one hour. Alcohol and excess hydrazine were r e -  

moved a t  reduced pressure and t h e  res idue was p u r i f i e d  by column chromatography 

on neu t ra l  alumina, 

pound 9 as a y e l l o w  o i l ,  y i e l d ,  0.120 g (46% based on lo). 
'H NMR (CDC1,): methine p ro ton  a t  3.57 6 was absent and a s i n g l e t  ( t h ree  protons)  

a t  1.3 6 (CbCDCH,) was present. 

(100.0%), 187 (26.3) and 174132.0). 

The r e a c t i o n  m ix tu re  was s t i r r e d  a t  room temperature for  

(0.135 g, 2 mmole) was added w i t h  s t i r r i n g  

The s o l u t i o n  was d i l u t e d  w i t h  ch loroform (25 m l )  and f i l t e r e d .  The f i l -  

E l u t i o n  w i t h  ch1oform:methanol (19 : l )  gave the des i red com- 

MS (m/z): 260 (M', 13.7%), 243(M+ - NH,,8.5), 202 
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