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Abstract 

The I3C nmr assignments for the antimalarial drugs chloro- 

quine, 4-methyl primaquine, 5-methoxy-4-methylprimaquine and 

5-methoxyprimaquine were established. These assignments were 

based on comparison with those of primaquine, proton-coupled 

data, and selective long-range proton decoupling. 

INTRODUCTION 

Studies on the metabolism of the antimalarial drug, 

primaquine (11, has yielded valuable information regarding the 

fate of primaquine in mammalian systems.l The metabolites have 
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596 HUFFORD AND BAKER 

been characterized primarily by utilizing 13C-nmr spectral 

data.2*3 The I3C nmr assignments for primaquine originally 

reported4 were later corrected,2 while the 13C nmr assignments 

f o r  chloroquine ( 2 )  base4 and salts5 have also been reported. 

However, even though 5-methoxyprimaquine (316,  4-methylprimaquine 

(4)7, and 5-methoxy-4-methylprimaquine (5)8 have all been prepared 

as potential new antimalarials, their complete 13C-nmr assignments 

have not been reported. 

As a part of our ongoing study of the metabolism of potential 

new antimalarial drugs, it was deemed important to report here 

the complete I3C-nmr assignments fo r  compounds 2-5 since this 

information is invaluable for the structure elucidation of key 

metabolites. 

RESULTS AND DISCUSSION 

Even though the 13C-nmr assignments for chloroquine ( 2 )  

have been reported previ~usly~,~, we deemed it necessary to 

report our results since numerous erroneous assignments were 

made by these same authors with primaq~ine.~ The other published 

report5 was done on the hydrochloride salts in D20 where signi- 

ficant shifts occur in the aromatic carbon signals. 

The 13C-nmr assignments for 2 (CDC13) are listed in Table 

1. They differ from those reported4 in the assignments for C-5, 

C-6 and C-2', C - 3 ' .  The correctness of the assignments as listed 

in Table 1 was established unambiguously by examination of the 

proton-coupled spectrum of 2 and by conducting selective proton 

decouplings. In the proton-coupled spectrum the signal at 6 c 
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I3C NMR ASSIGNMENTS 597 

Table 1 

I3C nmr Assignments for 1, 2, 3 ,  4, and 5 

Carbon 
Number la 3 4 5 2 

-~ 

2 

3 

4 

4a 

5 

6 

7 

8 

8a 

1' 

2' 

3' 

4' 

5' 

OCH3(C-6 

OCH3(C-5) 

CH3(C-4) 

sHZcH3 
C H B  

144.3( d) 

121.8(d) 

134.8(d) 

130.0( s )  

91.9(d) 

159.6(s) 

96.9(d) 

145.2(s) 

135.5(s) 

48. Id 

34. It 
29.3t 

41.7t 

20.5q 

55.2q 
- - -  
--- 
- - -  
- - -  

144.3(d) 

124.4d 

143.3(s) 

124.4(s) 

133.9(~)~ 

151.2( s )  

94.3(d) 

142.2( s )  

133. 5(sJb 

48.2(d) 

34.2( t 

29.8(t) 

42.0(t) 

20.7(q) 

56.9(q) 

61.3(q) 

22.9(q) 
--- 
- - -  

151.8(d) 

99.2(d) 

149.6 ( s  )b 

117.7(s) 

122.2(d) 

124.7 ( d )  

134.6( s ) 

128.3(d) 

149.4( s )b 

48.4(d 

34.4( t 1 
23.9( t ) 

52.6(t) 

20.0(q) 
- _ -  
- - -  
- - -  
46.8( t )c 
11. 7(qIc 

aThe data for 1 have been previously published2 and are listed here 

bAssignments interchangeable within the same column. 

CDouble intensity signals. 

for comparison only. 

122.2 (C-5) appears as a sharp doublet (~Jc-H = 159.1 Hz) while 

the signal at 6 c 124.7 (C-6) appears as a dd (~Jc-H = 168.9 

Hz* 3JC-H = 5.9 Hz). These coupling patterns are consistent with 

three bond coupling patterns well established for l.253 The 
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assignments for C-2' and C-3' 

data based on the relationsh 

HUFFORD AND BAKER 

are also reversed from the previous 

p to l3 and also from the protona- 

tion data reported for l3 and Z5. 

The assignments of all the carbons except C-4 and C-4a for 

4-methylprimaquine (4) were readily established by comparison 

with those of primaquine (11, and examination of the proton- 

coupled spectrum. By conducting a long-range selective proton 

decoupling experiment, C-4 and C-4a could be differentiated. 

Irradiation at 6 H 2.5 (CH3 at C-4) at low decoupling power 

clearly showed the signal at 6 c  129.7 (C-4a) as a sharp doublet 

(three bond coupling to H-3 only) while the signal at 6 c  142.6 

sharpened considerably to a dd (three bond couplings to H-2 

and H-5). 

The addition of a methoxyl group at C-5 as is the case for 

5 causes some shifting of the aromatic carbon signals but again 

these assignments (Table 1) could be confirmed by comparison 

with 4 and by examining the proton-coupled spectrum of 5 .  Again, 

C-4 and C-4a could be distinguished by utilizing the long-range 

selective decoupling experiment. Irradiation at 6 H 2.8 (CH3 

at C-4) showed the signal at 6 c 124.4 (C-4a) as a doublet (three 

bond coupling to H-3) and signal at 6 c 143.3 (C-4) as a doublet 

(three bond coupling to H - 2 ) .  

The l3C-nmr assignments (Table 1) for 5-methoxyprimaquine 

( 3 )  were also established by comparison with 1 and confirmation 

established from proton-coupled data and long-range selective 

proton decouplings. The proton-coupled data showed the signal 

at 6 c 150.1 (C-6) as a quartet ( 3 J ~ - ~  = 3.01, 6 c 142.1 ( C - 8 )  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



13C NMR ASSIGNMENTS 599 

as a sharp singlet (no three bond couplings), 6c 134.0 and 6 c 

131.5 as complex multiplets, and 6 c 124.6 (C-4a) as a doublet 

(3Jc-~ = 6.8 Hz). Assignments for C-5 and C-8a were established 

by irradiation at 6~ 3.9 (OCH3) at low decoupling power where 

the signal at 6 c 134.0 sharpened considerably as the result of 

loss of coupling to the methoxyl protons; the signal at 6 c 131.5 
(C-8a) was unaffected. 

The pKa values for primaquine (1)  have been determined by 

13C nmr shift experiments (10.39 and 3.20).3 The addition of 

a methoxyl group to the nucleus appeared to have little effect 

on the pKa values. Using a procedure as outlined previously3 

the pKa values for 3 were determined as 10.20 and 3.09 (primary 

amine and quinoline, respectively). 

EXPERIMENTAL 

The 13C nmr data were obtained at 15.03 MHz on a JEOL FX60 

FT-NMR spectrometer using TMS as internal standard and CDC13 as 

solvent. Singlefrequency off-resonance decoupling was used to 

confirm multiplicity assignments. The spectra were obtained 

using a 45' pulse, 5 sec. repetition and 8,192 datum points. 

The proton-coupled data was obtained using the gated decoupling 

technique (decoupler off during data acquisition). The long- 

range selective proton decouplings were conducted by centering 

the decoupler on the appropriate proton resonances and conducting 

the decoupling (single frequency) at a power level of y H~/~IT= 

200 Hz. This technique was used extensively to aid in the assign- 

ments for c~lchicine.~ 
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600 HUFFORD AND BAKER 

H 1, R' = R" = 

3, R' = H ;  R" = O C H 3  

4, R' = C H 3 ;  R" = H 

5 ,  R' = C H 3 ;  R" = O C H 3  

2 

The pKa determination for 3 was conducted essentially as 

described previously.3 The water acetonitrile system was used 

and a linear regression analysis was used for each determination. 

The pKa values in pure water were determined by extrapolation 

of the pKa values for each solvent composition. 
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3c NMR ASSIGNMENTS 601 

Primaquine and chloroquine samples were obtained 

commercially. 
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