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Recent studies on the metabolism of the antimalarial 
drug, primaquine (l), have shown that the major fungal 
and mammalian metabolite is 8-(3-carboxy-l-methyl- 
propylamino)-6-methoxyquinoline (2).l A second micro- 
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bial metabolite was identified as the N-acetyl derivative 
of 1 (3).'* Further microbial metabolism studies of 2 have 
led to the identification of 4 and to the speculation that 
2 is excreted as a conjugate in Additional 
microbial studies of 1 have led to the identification of two 
novel symmetrical dimeric derivatives and 6: both of 
which have been synthesized. 

L h H C O C H 3  H N  L N H C O C H 3  
H Y  

CH3O * CH3O @Q 

I 
5 

6 

HPLC analyses of 5 obtained from both synthetic and 
microbial origin showed the presence of three peaks 
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a R =  -(CH,)CH(CH,),NHCOCH,. 

(designated I, 11, and I11 in order of elution; 1:2:l, re- 
spectively). Since (*)-primaquine was used as starting 
material and the possibility of atropisomerism exists about 
the biphenyl-like linkage and since the molecule is sym- 
metrical, a total of six stereoisomers (three enantiomeric 
pairs of diastereoisomers) would be expected which would 
result in three chromatographic peaks with area ratios of 
l:2:l.5 The three peaks I, 11, and I11 have been separated 
by preparative HPLC and shown to be C-5-C-5" linked 
dimers by 'H NMR and mass spectro~copy.~ 

Biphenyl-like compounds with ortho-substituted meth- 
oxy groups have been shown to exhibit atropisomerism 
with different degrees of stability.6 In order to verify 
atropisomerism of 5 each of the isomers I, 11, and I11 was 
heated (192 "C) in separate sealed tubes in 1-odanol. After 
2.5 h the solutions were examined by HPLC. Upon 
heating' 5-1 was epimerized to 5-111 and 5-111 to 5-1 as 
would be expected if restricted rotation about the bi- 
phenyl-like linkage occurred.* The HPLC analysis of 5-11 
after heating showed no changeag Finally, 5 was prepared 
from (-)-primaquine.'O Examination by HPLC showed 
only the presence of I and 111." These experiments 
c o n f i i  that the isomers of 5 obtained are the result of the 
chirality of the two asymmetric carbons in the side chain, 
restricted rotation about the biphenyl-like linkage, and the 
symmetrical nature of the dimer. 

HPLC analysis of 6 obtained from both synthetic and 
microbial origin4 showed the presence of two peaks (des- 
ignated A and B in order of elution; 1:l). Since (*)-pri- 
maquine was used as starting material in both cases, a total 
of three stereoisomers of 6 would be expected; a pair of 
enantiomers and a diastereoisomer (meso form) which 
would lead to two separable peaks observed by HPLC.12 

(5) The poseible stereoisomers would be the RRR and ita enantiomer 
SSS (peak I or III), SRS and its enantiomer RSR (peak I or ID), and RRS 
(rSRR) and its enantiomer SSR (rRSS) (peak 11). The first letter listed 
is arbitrarily assigned to the configuration of C-1"', the second letter to 
the configuration of the biphenyl linkage and the third letter to the 
c o n f i a t i o n  of C-1'. The area for peak I1 would be twice that for I and 
I11 since it can form in two different ways. 

(6) Kawano, N.; Okigawa, M.; Haseka, N.; Kouno, I.; Kawahara, Y.; 
Fujita, Y. J. Org. Chem. 1981,46,389. Rahman, W.; Ilyas, M.; Okigawa, 
M.; Kawano, N. Chem. Pharm. Bull. 1982, 30, 1491 and the references 
cited therein. 

(7) The isomers were stable indefinitely at  room temperature. The tIlz 
for the conversions waa 132 min at  192 "C. 

(8)  As an example, the RRR would be converted to the RSR and the 
SSS to the SRS; likewise the SRS would be converted to the SSS and 
the RSR to the RRR. (See ref 5.) This resulta in interconversions be- 
tween isomers I and III. 

(9) In this w e ,  RRS is converted to RSS but by symmetry this is 
identical with SSR, the enantiomer of RRS. Thus, in the caae of 6-11, 
conversion between enantiomers is occurring but this is not detected by 
HPLC. 

(10) (&)-Primaquine has been resolved into ita optically active forms. 
Carroll, F. 1.; Berrang, B.; Linn, C. P. J. Med. Chem. 1978,21,326. The 
absolute stereochemistry of the (+) and (-) forms has not been estab- 
lished. 

(11) Peak I1 which represents opposite stereochemistries in the side 
chain cannot be generated from optically active primaquine. 

0022-326318411949-2822$01.50/0 0 1984 American Chemical Society 



J. Org. Chem. 1984,49, 2823-2824 2823 

While 6-A and -B could be separated by preparative 
HPLC, both A and B equilibrated back to the original 
mixture ( l : l ) . 13  This behavior seemed difficult to ra- 
tionalize based on structure 6. The isolation of A and B 
and equilibration back to the original mixture was some- 
what like that observed for syn and anti isomerisms of 
oximes and nitrosamines. Another explanation would be 
the possible interconversions via the intermediates shown 
in Scheme I which are also the presumed intermediates 
formed in the synthesis of 6 from 3 and formaldehyde/ 
formic acid.4 Addition of 7 to 3 could explain the con- 
versions between 6-A and -B since both the (+) and (-) 
forms of 7 and 3 would be present. 

Synthesis of 6 from both (+)- and (-)-primaquine was 
accomplished by using the same procedure as for the (k) 
forms4 HPLC analyses of the products from both showed 
only one peak (6-B) even after standing in solution at room 
temperature for several days. This result rules out any 
explanation invoking syn-anti-type isomerism. By mixing 
equal quantities of 6 prepared from (+)-primaquine with 
that prepared from (-)-primaquine, the formation of peak 
6-A could be followed by HPLC and was complete after 
3 days. This last experiment provides convincing evidence 
that 6-A and -B14 are interconverted as shown in Scheme 
I. 

The formation of the novel dimeric compounds 5 and 
6 from microbial enzyme systems may have implications 
for the complete understanding of the metabolism of 
primaquine. In addition, the stereochemical studies de- 
scribed here show that dimers like 5 do show atropisom- 
erism and that 6-A and -B can accomplish epimerization 
without direct involvement of the asymmetric carbon at- 
o m ~ . ~ ~  

Experimental Section 
General HPLC Methods. For the quantitative analysis of 

the three isomers of 5 and the two isomers of 6, a C-18 re- 
versed-phase, 5 pm-particle size HPLC system (Whatman PXS 
5/25 ODS column) was utilized. The mobile phase (1.0 mL/min) 
was prepared by using 8.4 g of KH2P04, 6.6 g of K2HP04, 4.0 g 
of N,N-dimethyloctylamine, 2.8 L of CH30H, and 1.2 L of water. 
The chromatographic peaks were detected by using a dual 
wavelength unit (Waters Assoc. Model 440) operating at  254 and 
280 nm in conjunction with a dual-pen strip chart recorder. 
Identifications of the components of the mixtures were based on 
a comparison of the retention time and the Aw/Am ratio of each 
component. 

Equilibration Studies for 5-1, -11, and -111. The isomers 
I, 11, and I11 (retention times 6.5, 8.7, 11.8 min, respectively) 
obtained in pure form as described previous19 were dissolved in 
1-octanol (a few pg per 20 pL) in separate capillary tubes which 
were then sealed. The sealed tubes were placed in a sand bath 
at 192 OC. The capillary was removed at  the specified times and 
broken, a few microliters withdrawn, resealed and then replaced 
in the sand bath. The initial solution (t = 0) and samples at t 
= 60,150, and 210 min were analyzed by HPLC. The conversion 
of 5-1 to a 1:l equilibrium mixture of 5-1 and 5-111 was found to 
follow simple first-order kinetics. Linear regression analysis of 
the data gave a half-life of 132 min. Essentially the same results 
were found from following the conversion of 5-111 to the equi- 
librium mixture of the two isomers. 

(12) The peaka would be expected to have the same area ratios since 
one peak would represent the pair of enantiomers (RCHa and SCHzS) 
while the other one would represent the meso form (RCHfi which could 
form in two ways. 

(13) The tl12 for interconversion w a ~  10.6 h at room temperature in the 
mobile phase used for HPLC. 

(14) Peak A thus represents the RCH# dimer while peak B is an 
enantiomeric mixture of R C H a  and SCHzS. 

(15) In some related studies using chiral HPLC stationary phases, 
details of which will be published later, we have now separated 5 into ita 
six stereoisomers and 6 into ita three stereoisomers. 

HPLC Separation of 6-A and -B and Determination of 
Half-Life. A 1:l mixture of 6-A and 6-B was injected onto a 10 
pm, C-18, reversed-phase column (Waters, p-Bondapak C-18) by 
using the same mobile phase; however, a 1.5 mL/min flow rate 
was used. The chromatographic experiment showed base-line 
separation of 6-A and 6-B (retention times 29.1, 35.2 min, re- 
spectively). The pure fractions were stored at room temperature 
in the mobile phase. A second C-18 reversed-phase HPLC system 
was then used to follow the kinetics of the conversion of 6-A to 
the 1:l equilibrium mixture of 6-A and 6-B. A least-squares 
regression analysis of the data showed a ha-life of 10.6 h for the 
interconversion at room temperature in the methanol-phosphate 
buffer system. 

Synthesis of 6 from Optically Active Primaquine (1) and 
Equilibration of 6-A and -B. A 5-mg sample each of (+)- and 
(-)-primaquine (1) diphosphate was acetylated by using acetic 
anhydride-pyridine at room temperature for 0.5 h (no starting 
material, TLC). The evaporated residue was then converted to 
6 by using the same procedure as previously de~cribed.~ The 
evaporated residues from this reaction were purified by flash 
chromatography over alumina (Woelm, N, 111) using ethyl ace- 
tate-n-hexane (1:l). About 1 mg of purified 6 was obtained from 
each isomer. These were then analyzed by HPLC. Samples of 
6 prepared from (+)- and (-)-primaquine were then mixed (equal 
quantities) and allowed to stand at room temperature in methanol 
and the equilibration followed by HPLC. 

Synthesis of 5 from (-)-Primaquine (1). (-)-Primaquine 
(1) diphosphate (4 mg) was acetylated as described previously 
for 6 and converted to 5 by using the procedure outlined previ- 
o u s l ~ . ~  The HPLC analysis was performed on the residue after 
workup. 
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Derivatives of N-(3-(dimethylamino)-2- 
propeny1idene)-N-methylmethanaminium salts (4) are 
well-known in the literature as intermediates for the syn- 
thesis of &substituted pyrimidines and other heterocyclic 
systems.l Although 2-aryl, alkyl, alkoxy, and alkylamino 
derivatives are known, the 2-substituted thio derivatives 
have not been reported. Our initial attempts at preparing 
these 2-thio analogues using standard literature proce- 
dures2 for known methanaminium derivatives were un- 
successful. 

We report herein a novel two-step synthetic procedure 
(Scheme I) to these compounds based on the known ad- 
dition of sulfenyl halides to  enamine^.^ The sulfenyl 

(1) (a) Wagner, R. M.; Jutz, C. Chem. Ber. 1971, 104, 2975. (b) 
Zaechke, H. 2. Chem. 1977,17,63. (c) Jutz, C.; Kuchlechnes, R.; Seidel, 
H. J. Chem. Ber. 1969,102,2301. (d) Lloyd, D.; Tucker, I<. S. J.  Chem. 
SOC., Perkin Trans. 1 1981,3,726. 
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