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Antimalarials. 3.3-Substituted 1-Naphthalenemethanols’ 

J. Samuel Gillespie, Jr.,* Satya Prakash Acharya, Dwight A. Shamblee, and Richard E. Davis 

Virginia Institute for Scientific Research, Richmond, Virginia ,23229. Received June 23, 1975 

The synthesis and antimalarial activity of 22 3-substituted 1-naphthalenemethanols whose substitution was pat- 
terned after the antimalarial 2-substituted 4-quinolinemethanols are described. The compounds were active against 
Plasmodium berghei in mice, the most active being 6-chloro-cu-(dibutylaminomethyl)-3-(3,4-dichlorophen~~~-l- 
naphthalenemethanol hydrochloride (3b). The naphthalenemethanols tested, lb  and 2b, were not photosensitizing to 
albino mice. Structure-activity relationships between the naphthalene and quinoline isosteres are discussed. 

2-Substituted 4-quinolinemethanols, as a class, are ac- 
tive against avian, murine, and human malarias: but most 
of the members of the class are photosensitizers? Molecu- 
lar modifications designed to reduce phototoxicity reduced 
antimalarial activity in most instancese2 Rothe and Jaco- 
bus3 have suggested that phototoxicity varies with differ- 
ent functional groups a t  the 2 position of the quinoline in a 
manner that indicates an association with their relative 
electronegativities. All quinolinemethanol antimalarials 
show absorption maxima in the 320-360-nm r e g i ~ n ; ~  even 
the relatively nonphototoxic 2-trifluoromethyl-4-quinoline- 
methanols have this ultraviolet abeorption,5 which is not 
present in naphthalene ring compounds of similar struc- 
ture. Comparison of the activity and phototoxicity of phen- 
anthrene and azaphenanthrene isosteres showed that the 
phenanthrene compounds were more active vs. Plasmo- 
dium berghei and less photosensitizing than the nitrogen- 
containing analogs.6 These observations suggested a study 
of the biological activity of 3-substituted l-naphthalene- 
methanols patterned after the active, but phototoxic, 2- 
substituted 4-quinolinemethanols. 

1- and 2-naphthalenemethanols were prepared some 
years ago by Jacobs, Winstein, and ~oworkers .~ They were 
found to be less active than the phenanthrenemethanols 
and approximately as active against avian malarias8 as the 
quinolinemethanols without a blocking 2-phenyl group. 

Chemistry. The 1-naphthalenemethanols prepared for 
this study are illustrated in Chart I. Synthesis of the 3-aryl- 
1-naphthalenemethanols (1-6) followed well-known pro- 
c e d u r e ~ ’ ~ - ~  from the corresponding 3-aryl-1-naphthal- 
dehydes, syntheses of which have been described.1° The 
preparation of the 3-aryloxy (7-11) and 3-aroyl (12) deriva- 
tives required a different synthetic sequence, described 
elsewhere,l’ for the preparation of the aldehyde precursers, 
the 3-bromo-1-methylnaphthalenes. Conversion of the ap- 
propriately substituted 1-methylnaphthalenes to the na- 
phthaldehydes was accomplished by the steps outlined in 
Scheme I. 

The availability of 3-methylindanonesll made it possible 
to obtain a 4-aryl-1-naphthalenemethanol (13b) by the 
pathway illustrated in Scheme 11. 

Structure-Activity Relationships. The activity (as de- 
termined by the Rane Laboratories12) of the l-naphtha- 
lenemethanols vs. Plasmodium berghei is presented in 

Chart I 

CHOHR FHOHR 

L X = H; Y = 4-C1 
2, X =  6-C1; Y =4-C1 
3, X = 6-Cl; Y 
4, X = i-CH,O; Y = 4-C1 

6. X = G-CI, i-CH 0: Y = 3.4-CI. 

7. X = 4-Br. 6.C1; Y = 4-Cl 
8. X = 5,i.Cl:; Y 
9, X = 5,i-C12; Y = 3-CF 

10, X = 5,i.Cl:; Y = 3,5-C1- 

4-C1 
3,1-C1- 

5. X 6-C1, 7-CH 0;  Y = 4-C1 It X = Fi,i.CI-: Y = 3,4-C1. 

CHOHR 

f .  R = Q  

H 

Table 1. Most of the compounds have antimalarial activity, 
the best of them, 3b, being highly active. In Table I1 the 
minimum effective dose (MED) in the same test system of 
exactly comparable quinoline- and naphthalenemethanols 
is given together with comparisons in which there is a dif- 
ference in the amino alcohol side chain between the two 
otherwise comparable compounds. Within both classes of 
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Scheme I 

14% X = 643; Y = 4-CI 
b, X = 5,7-CI2; Y = 4 C l  
C. X = 5,7-Cl>; Y = 3-CF, 
d. X = 5,7-C12; Y = 3,5-C12 
e, X = 5,7-CI2; Y = 3,4-Cl- 

NBS i 
CHBr 

I 

18 

/ NB8 

15 CHBr? 1 

'Li 

Y 
C1 

194 Y = H 
b, Y = COOH 

16a, X = CBr, 6.C1; Y = 4-C1 
b. X = 5,7.Cl-, Y = 4.C1 
c, X = <5,'i-C1.: Y = 3-CF 

e. x = 5<7.CI!, Y = 3.4-CI 
d, X 5.7-Cl-; Y = 3.5-CI- 

22 

C1 
25 

CI 
24 C1 

26 
CHO 
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Table I. Antimalarial Activity of 
a-Dialkylaminomethyl-1-naphthalenemethanols 

A MST (days)  or no. of c u r e s  (C),  
dosage  (mg/kg) 

Compd 1 0  20 40 80  160 320 640 

l a  0.5 1.1 4.5 12.7 5C 5C 5C 
l b  1.1 2.5 8.3 5C 5C 5C 5C 
IC 0.5 1.3 6 .5  9 .1  2C 3C 5C 
2b 5.1 1C 5C 5 c  5 c  5 c  5 c  
2d 8.5 13.1 14.5 2C 2C 4C 5C 
3b 3C 5C 5C 5 c  5 c  5 c  5 c  
3c 0.3 0.3 0.5 1.1 4.3 4.9 
4b 0.3 5.9 2C 3 c  5 c  5 c  5 c  
4c 1 . 0  13.4 3C 5 c  5 c  5 c  5 c  
5b 1.9 9.5 1 1 . 7  1C 1C 3C 
5c 0.3 0.7 1.9 5.3 9.3 3C 4C 
5f 0.3 0.5 13.5 16 .1  2C 2C 3C 
6b 0.7 4.9 11.1 13.9 2C 2C 3C 
6c 0.3 0.5 0.7 2.3 5.1 8.9 
6f 0.5 4.9 14.1 21. 9 2C 5C 
7b 4.7 5.5 7 .9  10.3 11.1 
8b 3.5 4.3 6.7 8.5 10.1 
9b 1.7 4.5 6.7 8.3 9.9 
1 Ob 2.8 5.4 6.8 10 .5  11 .6  2C 
1 l b  0.9 4.9 5 . 7  9.3 10 .1  14.3 
12b 1.4 3 .6  6.6 9.4 11.2 12.0 
13b 3.9 10.1 11.3 2C 3C 5C 

QActivity vs. P. berghei in five mice, determined by Rane Labo- 
ratories, University of Miami, as described by Osdene and co- 
workers.12 Mean survival time (MST) of infected controls was 6.1 
days, Increase in survival time (A MST) of mice treated with a 
single dose of compound administered subcutaneously 72 hr after 
infection is considered evidence of antimalarial activity if the in- 
crease is a t  least 100%. Number of cures (C) is the number of mice 
surviving out of five at  60 days postinfection. 

compounds there is some influence of the side chain on ac- 
tivity, but the effect is generally of lesser magnitude than 
that of nuclear substitution. With this reservation some 
useful structure-activity relationships of the isosteres are 
apparent. 

The activity of the naphthalenemethanols was approxi- 
mately the same as that of the quinoline compounds when 
the substitution at  position 3 was aryl. Replacement of the 
aryl group with aroyloxy (8b and l lb) or aroyl (12b), sub- 
stitution which enhanced the activity of the quinoline- 
methanol~ , '~ , '~  reduced the activity of the naphthalene 
isosteres. 

Within the naphthalenemethanol series it appears that 
chlorine substitution increases antimalarial activity. 3b, 
which contains three chlorines, was curative at  10 mg/kg; 
2b, containing two chlorines, was inactive at  that level but 
active at  20 mg/kg; and lb,  containing only one chlorine, 
showed activity at 80 mg/kg. On the other hand, methoxyl 
substitution, which increased activity over that of the 
monochloro compound (cf. 4b and lb) ,  decreased the anti- 
malarial activity when introduced into multichlorine-sub- 
stituted compounds (cf. 5b and 2b, and 6b and 3b) (Table 
111). 

There was some influence of side-chain substitution on 
activity. The most active compounds in each series were 
the dibutylamino derivatives, closely followed by the 2-pi- 
peridyl derivatives. In one case, 4c, the activity of the di- 
heptyl derivative was approximately the same as that of 

Table 11. Comparative Antimalarial Activity of 
Quinoline- and Naphthalenemethanols 

Compd Z X 

b N  
2b CH 

b N  
5b CH 

CHOHCH2N(CIH,)p 
I 

x+%& c1 
7 -c1 
6 -C1 
7-C1, 6-OCH3 
6-C1, 7-OCH3 

CHOHR 

40 
20 
40  
40 

Compd 2 
c N  

12b CH 
d N  

Bb CH 
d N  

l l b  CH 

X A R mg/kg 
CO -CH2N(CdH9)2 5 4 - c1  

4 -c1  CO -CH2N(C,H,), 40 
4 -C1 -0- -2-Piperidyl 10 

3,4 -c12 -0- -2-Piperidyl 20 
4 -C1 -0- CH2N(C,H,)z 80 

3 , 4 - C l ~  -0- CH,N(C,H,), 160 

"Minimum effective dose is that  which gives A MST of a t  least 
6.1 days. bData furnished by Walter Reed Army Institute of Re- 
search. 53ee ref 13. %ee ref 14. 

the dibutyl, 4b, but in other cases (IC, 3c, 5c, and 612) the 
activity was lower. 

More importantly, the two naphthalenemethanols tested 
at Walter Reed Army Institute of Research, l b  and 2b, 
were not phototoxic a t  dosages up to 400 mgbg ip, while 
the corresponding quinoline compounds were highly photo- 
toxic.15 None of the intermediate compounds showed anti- 
malarial activity (Table IV). 

Experimental Section 
Melting points were determined with a Thomas-Hoover capil- 

lary melting point apparatus and are uncorrected. Ir spectra were 
recorded for all new compounds with a Perkin-Elmer Model 21 
spectrophotometer; uv spectra of selected compounds were record- 
ed with a Perkin-Elmer Model 450 spectrophotometer; NMR spec- 
tra were recorded for selected compounds with a Varian A-60 spec- 
trometer. All spectra were in accord with the structures assigned. 
Microanalyses were performed by Microanalysis, Inc., Wilmington, 
Del. 

3-Phenoxy-1-methylnaphthalenes (14). KOH (0.1 mol) and 
the substituted phenol (0.13 mol) were heated together a t  160' for 
3 hr under vacuum (<1 Torr). The appropriately substituted 3- 
bromo-1-methylnaphthalene (0.05 mol) was then added, and the 
solution was heated to 190'. If necessary, more of the phenol was 
added to assure solution of the reaction components. To this solu- 
tion Cu powder (0.5 g) was added. A vigorous reaction, which sub- 
sided quickly, took place. The mixture was heated for 15 min 
(190°), and the cooled product was extracted with ether. The ether 
was removed, and from the residue the product was obtained by 
fractional distillation, the last fraction being the product. 
4-Chlorophenyl-3-(5,7-dichloro- 1 -methylnaphthyl)metha- 

no1 (18). A mixture of 3-bromo-5,7-dichloro-l-methylnaphtha- 
lene" (2.9 g), BuLi (7.6 ml of 1.33 A4 in hexane), and dry ether (30 
ml) was stirred under N2 for 2 min and then cooled in an ice-water 
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Table 111. Naph tha lenemethano l s  

Compd Yield,  L/c MP, c Crys tn  solvent  Mol fo rmula  Analyses"  

C22H2,ClNO.HCl C, H. C1. N l a  45  156-159 Acetone 
l b  55 206-209 Acetone-CHC1, C2,H,2ClNO*HCl C, H. C1, N 
I C  62 1 54 -1 56 Acetone C,2H,,C1NOqHC1 C. H, Cl. N 
2b 50 2 09 -2 10  Acetone C2,H,1C12NO*HCl C, H. Cl,  N 
2d 66 136-13 8 E the r  C22H2JChNO C, H. C1. N 
2e 45 120-122 E the r  C22H15C12N0 C. H. C1, N 
3b 65 224-226 (vacuum) Acetone-MeOH C2,H,,CljNO*HCl C, H, C1. N 

C, H. C1, N 
4b 60 221-222 Acetone-CHCI, C,,H,,ClN02.HCI C, H. N 

C,,H,,ClNO2*HCl C. H. C1, K 4c 50 199-201 Acetone 
5b 69 249-251 TH F C 27 H j 3C 12 N02*HC I C. H. C1. N 

C,,H,,CI,NO2*HCI C. C1, N; Hb 5c 67 232-234 TH F 
5e 76 2 05 -2 07 THF-acetone C2,Hl,C12NO2 C. H, C1, N 
5f 90 219-222dec TH F C,,H2,Cl,NO,*CH3COOH C, H. C1, N 
6b 43 2 3 8 -2 3 9 Acetone C,,H,2Cl,NO2*HCl C, H. C1, N 
6c 41 2 2 7 -2 2 9 Acetone C33H44Cl,N02*HCl C, H, C1. N 
6e 64 166-1 6 8 Acetone- e t h e r  C23HlGC13NO2 C. H. C1, N 
6f 85 225-227 TH F C2,H22Cl,N02*CH,COOH C, H. C1, N 
7b 60 159-161 Benzene-  e t h e r  C26H,,BrC12N02*HC1 H, N ,  C" 
8b 15  105-1lOdec Acetone- e t h e r  C2,H,,Cl,NO2*HCl C, H. C1, N 
9b 25 105-110 E the r -  hexane C2,H,,C12 F,N02*HC 1 C, H, N 

1 Ob 1 3  164 -1 6 6 CHCI,-pet. e t h e r  C?,H2qCl,NO2*HCl C.  H. C1, N 
1 l b  43 131-136 Acetone- e t h e r  C2,HZqCl,N02*HCl C, H. C1, N 

10 128-131 Ac e tone- e t  h e r  C 27 H, ,C 1 ,NO 2" C 1 C, H .  Cl. N 12b 
171-172 Ethvl acetate- ther  C2,H,,Cl,NO*HCI C. H, CI, N 1Sb 40 

-- __ 

3 c  50 199-200 Acetone C,2H,2Cl,NO*HCI 

nAnalyses were within *O 4% for elements indicated except where noted b H  calcd, 7 79, found. 7 33 ( C  calcd, 54.24; found, 55 09 

Table IV. Intermediate  Compounds  

Compd Yield. $C Mp, 'C C r y s t n  solvent  Mol fo rmula  Analyses  a 
~~~~ ~ 

14a 50.6 80-93 Pe t .  e t h e r  C tiH12C120 C,  H, C1 
14b 53 94-96 E t20  C17H1 IC130 C, H, C1 
14c 61 76-81 MeOH C18H11C12F30 C,  H, C1, F 
14d 40 121-125 E t20  Cl,Hl,C~,O C, H. C1 
14e 27 89-92 MeOH-Et,O C 1 7 H 1 0 C 1 4 0  C, H, C1 
16a 90 G l a s s  CI7H,BrCl2O2 C,  H 
16b 90 119-126 MeOH C17H9C1302 C, H, C1 
10c 86 98-101 Hexane c I8HSC12 F,Oz C, H,  C1, F 
16d 71 133 -137 E t20  C17H3C1402 C, H, CI 
16e 65 13 9-1 4 0 Acetone 1:H8C1402 C, H, C1 
1 8  52 149-1 5 1 Pe t .  e t h e r - e t h e r  1 g H  l j c 1 3 0  C, H, C1 
1 Ba 66-69 MeOH C11H8C12 C, H, C l  
19b 30 3 1 5 -32 5 Aq EtOH Cl2H8C1202 C,  H, C1 
21 74 211-214 T H F  C18H9C1302 C, H, CI 
26 94-95.5 MeOH C17HllC1, C ,  H, C1 
27 50b 14 8 -1 5 1 Et20 C ,,H,CI,O C,  H, C l  

aSee footnote a, Table 111. bFrom 22, two steps. 

bath. After 0.5 min 4-chlorobenzaldehyde (0.703 g) in ether (10 ml) 
was added all a t  once to half the naphthyllithium solution. The re- 
action mixture was stirred for 15 min and then decomposed with 
saturated NHdCI. The ethereal layer was separated, washed until 
neutral, and dried (NaZS04). The ether was removed and residue 
wa i  crystallized. 

The other half of the solution was divided into two portions. One 
portion was decomposed with water giving 19a and the other was 
carbonated with solid COz giving 19b. 
a-Alkylaminomethyl-I-naphthalenemethanols. Oxirane (0.1 

mol )  (prepared according to ref l a )  and amine (0.5 mol) were 

mixed and heated to 160' under Nz. The excess amine was re- 
moved either by distillation under reduced pressure or by fraction- 
al precipitation of the HC1 salt. The ethereal solution of the amino 
alcohol was charcoaled, and the amino alcohol was precipitated as 
the HC1 salt. 
a-(2-Pyridyl)-l-naphthalenemethanols. n-BuLi (20 mmol, 

Foote Mineral) was diluted with Et20 (50 ml) and cooled to -60'. 
2-Bromopyridine (22 mmol) was added slowly maintaining the 
temperature below -5OO. The solution was stirred for 15 min and 
the na~h tha ldehyde '~  (10 mmol) in T H F  was added slowly. Stir- 
ring was continued for 3 hr. The temperature was raised to -45O, 
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and the reaction mixture was decomposed with wet THF. The so- 
lution was filtered and the solvents were removed. 
a-(2-Piperidyl)-1-naphthalenemethanols. PtOz (200 mg) was 

added to a-(2-pyridyl)-l-naphthalenemethanol (2 g) dissolved in 
THF-AcOH (5050). The mixture was hydrogenated a t  room tem- 
perature and 45 lbs of HZ pressure for 2.5 hr. The catalyst was re- 
moved, and the solvents were evaporated. The product was crys- 
tallized as the acetate. 
4-(4-Chlorophenyl)-5,7-dichloro-l-methylnaphthalene (26). 

5,7-Dichloro-3-methyl-l-indanone” (13 g) was added to a Gri- 
gnard reagent prepared from 4-bromochlorobenzene (16 g) and Mg 
(2 g). The reaction mixture on usual work-up gave 15 g of material, 
which was mixed with PZOh (3 g) and distilled [ca. 160-180O (0.1 
mm)]. The distillate was dissolved in Et20 and dried (Na2S04), 
and Et20 was removed. The residue was distilled a t  170-175’ (0.11 
mm). The distillate (14 g) was a mixture of 22 and 23 (NMR). This 
mixture dissolved in cold ( O O )  CHzC12 (60 ml) was added to a solu- 
tion of K (2.8 g)  in tert-BuOH (30 ml). The reaction mixture was 
stirred overnight a t  room temperature, and the solvents were re- 
moved. The residue was dissolved in petroleum ether (bp 30-60), 
washed with Hz0, and dried. Petroleum ether was removed, and 
the residue was distilled 1174-176’ (0.15-0.20 mm)], yielding 12 g 
of a mixture of 24 and 25 (NMR). This mixture was refluxed with 
HCOOH (97%, 200 ml) for 1 week and cooled. A gummy solid was 
separated and washed with water and NaHCO:1 solution, yielding 4 
g of product, 26. The procedure is based on Bavin’s work.I6 
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Structure-Activity Relationships of Antiarrhythmic 6-Substituted 
Decahydroisoquinolines 
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Memphis, Tennessee 38163. Received April 10,1975 

A series of diastereoisomeric 6-benzoyloxy- and 6-benzamido-2-methyldecahydroisoquinolines has been prepared 
and screened for antiarrhythmic effectiveness. In a continuation of our interest in identifying significant physico- 
chemical properties of antiarrhythmic decahydroisoquinolines, octanol-water partition coefficients and pK, values 
have been determined for each member of the series. In general, antiarrhythmic activities superior to that of quini- 
dine were observed. From a general structure-activity viewpoint, substitutions possessing greater lipophilicities pro- 
duced compounds with superior antiarrhythmic properties. However, there appears to be optimal lipophilic charac- 
ter beyond which increased lipophilicity results in a decrease in antiarrhythmic potency. No discernible correlations 
with pK, values were evident. As noted in our earlier studies the esters were more potent and more lipophilic than 
the corresponding amides. No obvious correlations with stereochemistry were found; however, in three pairs of dia- 
stereoisomers, the more lipophilic cis compounds were found to be the superior isomers. A surprisingly high potency 
was noted with a tetrahydroisoquinoline benzamide-a finding unexpected from our earlier work. The 3,4-dichlo- 
robenzamido grouping appeared to be the substituting moiety for optimal antiarrhythmic effectiveness. 

In a cont inuat ion of the established interest  of our labo- 
ratories’ in the significance of stereochemical factors in the 
mechanism of action of antiarrhythmic decahydroisoquino- 

lines, an investigation of the effects of various subst i tut ions 
at the 6 position of diastereoisomeric 2-methyldecahydroi- 
soquinolines is reported. In an earlier publicationlb we 
noted the similari ty of the subst i tuted decahydroisoquinol- 

+ The work reported constitutes a segment of the dissertation submitted 
by R.R.T. to the University of Tennessee Center for the Health Sciences in 
partial fillfillment of the Doctor of Philosophy degree requirements in medi. 
cisal chemistry. tuted cis-decahydroisoquinoline. 

ines investigated in our laboratories to the D and E rings of 
reserpine* which may be ‘Onsidered to be a 596,7-trisubsti- 


