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Potential Antimalarials. 8. Some 10-Substituted 9-Phenanthrenemethanolsl9 t 

Lee C. Washburn and D. E. Pearson* 

Department of Chemistry, Vanderbilt Uniuersity, Nashville, Tennessee 37235. Receit’ed June 26, 1972 

Starting with phenanthrene or fluorenone, a series of 10-substituted and 2,7,10-trisubstituted 9-phenanthrene- 
methanols has been synthesized and tested for antimalarial activity by the Rane Plasmodium berghei test in mice. 
2,7-Dibromo- (and dichloro-) l0-methoxy-9-(2-dibutylamino-l-hydroxyethyl)phenanthrene hydrochloride, which 
showed 4/5 cures and 2/5 cures, respectively, a t  80 mg/kg, were the most active compounds tested. Selective butyl- 
lithium exchange with the 10-bromine atoms of 2,7,10-tribromo-9-methoxy- and -9-methylphenanthrene is re- 
ported. 

The revived interest in 9-phenanthrenemethanols as cu- 
rative agents in malaria led to the synthesis of a large 
number of these compounds, mostly uia a Perkin conden- 
sation followed by a Pschorr ring closure.2 It was our pur- 
pose to  develop new routes to 9-phenanthrenemethanols 
uia phenanthrenes or other simple polynuclear compounds 
which would avoid ring closures and lead to antimalarials 

not available by the ordinary method of synthesis. 
Earlier studies on 2-p-chlorophenyl-7-quinolinemetha- 

nols3 indicated that antimalarial activity was enhanced 
by flanking the 2-dialkylamino-1-hydroxyethyl side chain 
with halogens. Thus, 9-phenanthrenemethanols substitut- 
ed a t  the 10 position were of special interest.$ 

t To completely confirm or refute the earlier lead in the Y-phenan- 
threnemethanol series, substituents a t  both the 10 and 8 positions should be 
present. t Contribution No. 1251 to the Army Research Program in Malaria. 



IO-Substituted 9-Phenanthrenemethanols 

Table I. Activityo of 10-Substituted 9-Phenanthrenemethanols 
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CHZNR, I 
CHOH Xi, 

AMST a t  mg/kg,b days 
No. XIO Xz and X, R 10 20 40 80 160 320 640 

Id-1 
ld-2 
2e 
3c 
4f-1' 
4f-2 
4f-3 
5d 
6d-1 
6d-2 
7f-1 
7f-2 
8f-1 
8f-2 
May compound,e 
X6 = Br 

H 
H 
H 
H 
Br 
Br 
Br 
H 
H 
H 
Br 
Br 
c 1  
c1 

H 

0 . 3  0 . 3  0 . 7  4 . 1  5 . 9  
1.1 2.9 6 . 1  8 .1  1C" 
0 . 3  0 . 3  0 . 5  3 . 9  7 .9  
0 . 3  0 . 3  0 . 5  3 . 3  5 . 9  
0 . 1  0 . 3  0 . 3  0 . 7  0 . 9  
0 . 5  3 . 1  5 . 5  10.1 11.1 
0 . 3  0 . 3  0 . 3  3 . 1  6 . 7  

0 . 2  0 . 2  0 . 2  1 . 0  
0 . 2  0 . 2  0 . 2  0 . 2  
0 .2  0 . 2  0 . 4  0 . 6  
1 . 2  11 .2  4c 5 c  

0 .4  5 .8  
0 . 4  4 . 3  2C 5 c  

0 . 4  4 . 0  6 . 8  

2 .1  4 . 5  6 . 7  1C 3 c  

8 . 1  1 0 . 1  
4 c  
9 5 11 .5  
1 4 . 1  3C 

15.1 

5 . 8  15 .1  
0 . 4  0 .4  
5 . 8  9 . 2  

3 c  

4 c  

4 c  4 c  

ORane P .  berghei test on five mice. bMean survival times over controls. CC = number of cures. dThis compound and all below 
it in the table were tested as hydrochlorides, the four compounds above it as free bases. We have established from the activities 
of the May compound, 6-bromo-9- (2-dibutylamino-1-hydroxyethyl) phenanthrene hydrochloride, that the free base and its 
hydrochloride have essentially the same activities in the Rane P .  berghei test. eIncluded for reference. 

Scheme I 
CH 3 L 

9-methylphenanthrene CH.,KR? 
1 -  
I 
CHOH X 

M -- 
9-methyl-10-halophenanthrene ld-1, X = Br; R = C,H, 

ld-2, X = Br; R = C,H,, 
2e, X = C1; R = C,H, Br CH, 

CH ,N R, 
1 -  

9-bromo-10-methylphenanthrene 

CHO CH, CHOH CH, 

3a 3c R = C,H,, 

The new routes leading to 10-substituted 9-phenanthrene- 
methanols were as follows. 

(1) Halogenation of 9-Methylphenanthrene Leading 
to 10-Halo- or 10-Methyl-9-phenanthenemethanols. 
Although 9-halophenanthrene is not selective in giving ex- 
clusive electrophilic substitution a t  the, 10 position, 9- 
methylphenanthrene had been reported4 to give selective 
bromination at the 10 position. Analogous chlorination re- 
quired the use of a new halogenation medium, trimethyl 
phosphate-phosphorus pentoxide. f Synthesis of 10-halo- 

Scheme I1 ""w exhaustive Br, 

4a CH,NR,.HCl 
1 -  
CHOH Br 

4b 4f- 1, R = C ,H- 
4f-2, R = C,H, 
4f-3, R = C;H,;, 

9-phenanthrenemethanols (compounds ld-1, ld-2, and 2e 
in Table I) involved the conversion of the methyl group in 
9-methyl-10-halophenanthrenes to the amino alcohol side 
chain by a method analogous to that in an earlier r e p ~ r t . ~  
Synthesis of the 10-methyl-9-phenanthrenemethanol 
(compound 312 in Table I) involved the exchange of the 
bromine atom in 9-bromo-10-methylphenanthrene with 
butyllithium, followed by treatment with dimethylforma- 
mide (DMF) to give the aldehydes5 This was converted to 
the target drug by a two-step procedure via the epoxide3 
(see Scheme I). 

(2) Halogenation of 9-Methyl-9,lO-dihydrophenan- 
threne Leading to 2,7,10-Tribromo-9-phenanthrene- 
methanols. Exhaustive bromination of 9-methyl-9,lO-dihy- 
drophenanthrene (4a) using the trimethyl phosphate- 
phosphorus pentoxide halogenation medium gave 2,7,10- 
tribromo-9-methylphenanthrene (4b). Conversion of the 
methyl group to the amino alcohol side chain3 gave the 
target compounds 4f-1, 4f-2, and 4f-3 in Table I (see 
Scheme 11). 

I Details concerning the use of trimethyl phosphate-phosphorus pent- 
oxide as  a halogenation medium will be published a t  a later date, 
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(3) Nucleophilic Substitution of 9-Bromophenan- 
threne Leading to 10-Phenoxy-9-phenanthrenemetha- 
nols. 9-Phenoxyphenanthrene (5a) was synthesized by nu- 
cleophilic displacement of the bromine atom in %bromo- 
phenanthrene with sodium phenoxide according TO the 
method of Wittig, Uhlenbrock, and Weinhold.6 Lithiation 
of 5a with phenyllithium followed by treatment with 
DMF gave 10-phenoxy-9-phenanthrenecarboualdehyde 
(5b), which was converted to the target drug .id by the 
usual two-step procedure3 (see Scheme 111) 

Scheme I11 
Rr 
\ 

oc t1 
\ 

9-bromophenanthrene 5a 

CH NR.*HCl 
I 
w CHOH O C H  C‘HO CH’H u 

tt / \  / \  0-b m 
5 d , R = C , H  5b 

(4) Rearrangement of 9-Fluorenones Leading to 10- 
Methoxy-9-phenanthrenemethanols and 2,7-Dihalo-10- 
methoxy-9-phenanthrenemethanols. By the method of 
Eistert and El-Chahawi,? a number of 9-fluorenones were 
rearranged to 9-methoxyphenanthrenes by reaction with 
diazomethane. The analogous spiro(fluorene-9,2’-oxirane) 
was formed in a side reaction, a t  times in quantities even 
slightly greater than the desired product. The product was 
purified either by chromatography on activated silica gel 
or, in the case of X = Br (Scheme IV). by heating the 
crude product with dibutylamine. The resulting mixture 
was separated by acid extraction, giving the desired 2,7- 
dibromo-10-methoxyphenanthrene (7b-1) and 2,i’-di- 
bromo-9-dibutylaminomethyl-9-hydroxyfluorene (7b-2). 
which was submitted for antimalarial testing. 7b-2 had a 
low but discernible antimalarial activity (SMST 0 1  3.4 
days a t  320 mg/kg). 

9-Methoxyphenanthrene (6a) was converted to 10-me- 
thoxy-9-phenanthrenecarboxaldehyde (6b) by the Vils- 
meier-Haack reaction in a modification of the method of 
Hunsberger, Ketcham, and Gutowsky.s The aldehyde was 
converted to the target compounds 6d-1 and 6d-2 by the 
usual two-step procedure.3 The 2,7-dihalo-9-methoxyphen- 
anthrenes 7b-1 and 8b were first brominated a t  the 10 
position, followed by butyllithium exchange and treat- 
ment with DMF.5 The butyllithium exchange reaction 
was selective with the bromine atom a t  the 10 position, 
even in the presence of bromine atoms a t  the 2 and 7 posi- 
tions (see Scheme IV). 2,7,10-Tribromo-9-methylphenan- 
threne (4b) gave a similar selective exchange with butylli- 
thium, but the yield of aldehyde 9a was too low for syn- 
thesis of the target drug in this case. 

The antimalarial activities of all the target drugs in the 
Rane Plasmodium berghei test in mice9 are collected in 
Table I. The most active compound synthesized was 2,7- 
dibromo-l0-methoxy-9-(2-dibutylamino-l-hydroxyethylj- 
phenanthrene hydrochloride (7f-1), which a t  40 mg/kg 
appeared to have about twice the increased survival time 
as one of the candidates adopted by WRAIR for more ex- 
tensive study, 6-bromo-9-(2-diheptylamino-l-hydroxy- 

Scheme IV 
0 

9-fluorenone. S = H 
7a. S = f31 
Sa. S = ( ‘ 1  

(!c“ 0,-,CH 

substituted spiro- 
6 a S = H  (fluorene-9,2’-oxirane) 

7b 1 S = B P  
8b  S = Ci 

O-( F1 

2 i-dibromospiro- 7b- 2 
(fluorene-9,2’-oxirane) 

Oi’f 1 
\ 

6a C H S  R,-HCI 
1 -  
CHOH OCH I’HO OCH 

6b 6d-1. R = C,H 
6d-2 R = C-Hi 

OCH OCH, Br 

7b-1. N = BP 
8b. X = C1 

C’B ,?;R,-HCI 

C’HOH OCH 
I 

7c. X = Br 
8 c  S = (’I 

1 C,H,Li 
2 DMF 1 

CHO OCH 

7f- 1. X = Br; R = C,H, 
7f-2. X = Br; R= C;H,; 
8f-1, X = Cl; R = CJ, 
8f-2, X = CI: R = C,Hi, 

7d.X = Br 
8 d , X = C 1  

ethyljphenanthrene hydrochloride (May compound j .  A 
few others were comparable to the latter in activity. Sev- 
eral intermediates were submitted for antimalarial test- 
ing, bu t  none had any detectable activity. 

Several new routes to substituted phenanthrenemetha- 
nols, other than Pschorr ring closure, have been opened by 
the study described in this paper. One depends on selec- 
tive substitution of 9-methylphenanthrene, another de- 
rives from 9,10-dihydrophenanthene, and a third by the 
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rearrangement of fluorenones with diazomethane to give 
9-methoxyphenanthrenemethanols. In addition, a note- 
worthy achievement was the selective butyllithium ex- 
changes obtained with the 10-Br substituents of 2,7,10-tri- 
bromo-9-methoxy- and -9-methylphenanthrene. The anti- 
malarial activities against P. berghei were in many in- 
stances good, particularly that of 2,7-dibromo-lO-rne- 
t hox y - 9- ( 2  - dibu t y lam ino - 1 - hydroxyethyl) phenanthrene 
hydrochloride (7f-1). 

Experimental Section 
Analyses (by Galbraith Laboratories, Inc., Knoxville, Tenn.) 

are within &0.4% and are recorded with the Editor. Melting 
points are uncorrected and were taken with an A. H. Thomas 
Uni-Melt apparatus. Nmr spectra of new compounds were com- 
patible with the related structures and are on file with the au- 
thors. 

10-Bromo-9- (2-a lkylamino-  1 -hydroxyethyl)phenanthrene 
(Id-1 and  ld-2). 10-Bromo-9-bromomethylphenanthrene (la). 
lO-Brom0-9-rnethylphenanthrene,~ 20.3 g (75 mmol), N-bro- 
mosuccinimide, 13.4 g (75 mmol), and CC14 (250 ml) were re- 
fluxed and irradiated with a 150-W flood lamp for 14 hr. The 
mixture was filtered while hot to remove succinimide and concen- 
trated, and the residue was recrystallized from EtOH, giving 
fluffy, pale beige needles, 6570, mp 138.5-140.5" ( l i t 6  mp 139.5- 
140"). 
10-Bromo-9-phenanthrenecarboxaldehyde (lb). l b  was made 

from la as previously described3 except that  C&6 was used as a 
cosolvent. Recrystallization from methylcyclohexane gave small 
yellow needles, 73%, mp 157-160" (lit." mp 159-160"). 
10-Bromo-9-epoxyethylphenanthrene (IC) (General Epoxide 

Synthesis). Under N2 sodium hydride, 1.73 g (36 mmol, 50% 
mineral oil dispersion), was washed well with C6H1.I to remove the 
mineral oil. Dimethyl sulfoxide (DMSO, 21.3 ml) was added, the 
mixture heated a t  65" for 45 min, cooled to 25", dry tetrahydrofu- 
ran (THF, 42.6 ml) added, and cooled to -lo", and trimethylsul- 
fonium iodide (Aldrich Chemical Co.), 7.34 g (36 mmol), in 
DMSO (40 ml) added rapidly. After stirring for 1 min at  -lo", 
lb, 5.13 g (18 mmol), in a mixture of THF (20 ml) and DMSO (60 
ml) was added during 90 sec. The solution was stirred a t  -10" for 
10 min and then warmed to 25". The mixture was poured into ice 
water and extracted with ether, and the ether was dried and 
evaporated. The crude product was recrystallized from CHsCN, 
giving pale yellow crystals: 58%; mp 115-119"; analytical sample 
mp 119.5-120.5". Anal (C~.&IIIB~O) C, H. 

1 O-Bromo-9-(2-dibutylamino-l-hydroxyethyl)phenanthrene 
(Id-1) (General Phenanthrenemethanol Synthesis). IC, 2.8 g 
(9.36 mmol), in (C4Hg)zNH (20 ml), was heated and stirred a t  
120" for 23 hr and the excess amine removed by steam distilla- 
tion. The residue was chromatographed on silica gel using CsH6- 
EtOAc as the eluting solvent. The pure amino alcohol fractions 
[R f  0.25 [tlc silica gel (CHC13)]] were combined and concentrated, 
and the residue was recrystallized from C B H ~ ~ ,  giving pale beige 
crystals, 5270, mp 117.5-118.5". Anal ( C Z ~ H ~ ~ B ~ N O )  C, H, Br. 

l0-Bromo-9-(2-diheptylamino-l-hydroxyethyl)phenanthrene 
(ld-2). See synthesis of Id-1 and Table 111. 

1 O-Chloro-9-(2-dibutylamino-l-hydroxyethyl)phenanthrene 
(2e). 10-Chloro-9-methylphenanthrene (2a). 9-Methylphenan- 
threne, 26.5 g (0.138 mol), and PzO5, 49.4 g (0.348 mol), were dis- 
solved in trimethyl phosphate (350 ml), the mixture was cooled to 
IO", and Clz, 10.8 g (0.152 mol), in trimethyl phosphate (100 ml) a t  
0" was added during 30 min. The mixture was stirred a t  10" for 1 hr 
and then at  25" for 3 hr. A white precipitate, part of the desired 
product, was separated by suction filtration, washed well with 
HzO, and dried. The filtrate was poured into H20, concentrated 
NH40H (100 ml) added, and the mixture left overnight a t  25" io 
convert any a-chlorinated product to the amine. The aqueous so- 
lution was extracted with EtzO; the solution was washed with 5% 
HC1 and with HzO, dried, and concentrated. The combined solid 
product was recrystallized from EtOH, giving pale beige needles: 
69%; mp 119-121"; analytical sample mp 120-121". Anal 
(CIIHIIC~) C, H.  
9-Bromomethyl-10-chlorophenanthrene (2b) was made from 

2a and N-bromosuccinimide as  in the synthesis of la. The cc14 
solution was concentrated to 200 ml and cooled, giving fluffy, pale 
beige needles, 90%, mp 139-140". Anal. (CI5HloBrC1) C, H. 
10-Chloro-9-phenanthrenecarboxaldehyde (212). The aldehyde 

was made from 2b in the same manner as  lb. Recrystallization 
from methylcyclohexane gave bright yellow needles, 57%, mp 

145-152". Recrystallization from CHC13 elevated the melting 
point to 153-155". Anal. (ClsHgC10) C, H.  
10-Chloro-9-epoxyethylphenanthrene (2d). See synthesis of IC 

and Table 11. 
10 - Chlor  o -9- (2-dibutylamino- 1 -hydroxyethyl)phenanthrene 

(2e). See synthesis of Id-1 and Table 111. 
9- (2-Dibutylamino-1- hydroxyethy1)- 10-methylphenanthrene 

(3c). 10-Methyl-9-phenanthenecarboxaldehyde (3a) was made 
from 9-bromo-10-methylphenanthrene in 61% yield as previously 
described:5 pale yellow needles from MeOH; mp 125-130": ana- 
lytical sample mp 130-131.5". Anal. (CIBH~ZO) C, H. 
9-Epoxyethyl-10-methylphenanthrene (3b). See synthesis of 

IC and Table 11. 
9-(2-Dibutylamino-l-hydroxyethyl)-lO-methylphenant~ene 

(3c). See synthesis of Id-1 and Table 111. It should be noted in 
Table I11 that, in this case, it was necessary to use the anion of 
(C4Hg)zNH [made from (C4Hg)zNH and C4HgLiI to open the ep- 
oxide, apparently because of the bulkiness ot the methyl group. 

9- (2 - D i a 1 k y lamino- 1 -hydroxyethyl) -2,7,1 O-tribromophenan- 
threne Hydrochloride (4f-1, 4f-2, and 4f-3). 9-Methy1-9,lO-dihy- 
drophenanthrene (4a) was prepared by the method of Rabideau 
and Harvey.4b The product, a pale yellow oil, was purified by 
fractional vacuum distillation, giving 65% of colorless oil boiling 
in the range 105-115" (0.50 mm) [lit.4b bp 121" (1.5 mm)].  
9-Methyl-2,7,10-tribromophenanthrene (4b). 4a, 9.41 g (47.1 

mmol), was dissolved in trimethyl phosphate (150 mi) and P205, 
35.9 g (253 mmol), was added. The mixture was cooled to 25", and 
Brz, 37.7 g (236 mmol), in trimethyl phosphate (50 ml) was added 
during 1 hr a t  25". The solution was stirred a t  25" for 5 hr and 
then a t  80" for 3 hr. Soon after heating to 80" a yellow precipitate 
began to form. The mixture was cooled and filtered; the crude 
product was washed well with MeOH and with HzO, dried, and 
recrystallized from CC14, giving fluffy beige needles. 4870, mp 
224-231". Two more recrystallizations from CHC13 elevated the 
melting point to 235-237". Anal. (C15HgBr3) Br. 
9-Bromomethyl-2,7,10-tribromophenanthrene (4c) was made 

from 4b as in the synthesis of la. The cc14 solution was concen- 
trated to half volume and cooled; the compound was isolated by 
suction filtration, washed well with HzO, and dried, giving tiny 
beige needles: 77%; mp 241-2435"; analytical sample mp 244.5- 
245.5". Anal. (C15HaBr4) Br. 

2,7, IO-Tribromo-9-phenanthrenecarboxaldehyde (4d). The 
aldehyde was made from 4c in the same manner as l b  except 
that CC14 was used as the reaction cosolvent. Recrystallization 
from CHC13 gave fluffy yellow needles: 82%; mp 258-259"; analyt- 
ical sample mp 258.5-260". Anal. (Cl~H7Br30)  Br. 
9-Epoxyethyl-2,7,10-tribromophenanthrene (4e). See synthe- 

sis of IC and Table 11. 
9-(2-Dipropylamino- l-hydroxyethyl)-2,7,10-tribromophenan- 

threne Hydrochloride (4f-1) (General Phenanthrenemethanol 
Hydrochloride Synthesis, See Table 111). 4e, 1.00 g (2.19 mmol), 
(C3H7)zNH (15 ml), and m-xylene (10 ml) were heated a t  160" for 
65 hr, and the mixture was steam distilled to remove excess 
amine and m-xylene. The residue was dissolved in 100 ml of 50:50 
CsH6-EtzO and 75 ml of 6% HC1 was added with the immediate 
precipitation of a white solid. After swirling for 5 min, the precip- 
itate was filtered, washed well with HzO and with Et20, dried, 
and recrystallized from absolute EtOH, giving pale beige crystals, 
1270, mp 253-256". Anal. ( C Z Z H Z ~ B ~ ~ C ~ N O )  C, H, N.  

9- (2-Dibu tylamino-l-hydroxyethyl)-2,7, lo-tribromophenan- 
threne Hydrochloride (4f-2). See synthesis of 4f-1 and Table 111. 
9-(2-Diheptylamino-l-hydroxyethyl)-2,7,10-tribromophenan- 

threne Hydrochloride (4f-3). See synthesis of 4f-1 and Table 111. 
9- (2-Dibuty lamino-  1 -hydroxyethyl ) -  1 O-phenoxyphenan- 

threne Hydrochloride (5d). 9-Phenoxyphenanthrene (5a) was 
prepared by the method of Wittig, Uhlenbrock, and Wein- 
hold.6 The crude product was purified by column chromatogra- 
phy on silica gel using C&-CsH14 as eluting solvent, giving 
white powder, 7970, mp 77.5-79.5" (lit.6 mp 77-78.5"). 
10-Phenoxy-9-phenanthrenecarboxaldehyde (5b). Under Nz a 

solution of C6H5Li was prepared by refluxing for 15 rnin a mix- 
ture of 3.74 g (48 mmol), TMEDA (32 mmol), and C4HgLi, 
14.2 ml (32 mmol, 2.25 M ) .  After cooling to 25", 5a, 8.64 g (32 
mmol), in anhydrous Et20 (60 ml) was added during 15 min, and 
the mixture was stirred a t  25" under NP for 6 days to allow com- 
plete equilibration to 9-lithio-10-phenoxyphenanthrene. Anhy- 
drous Et20 (50 ml) and T H F  (80 ml) were added, followed by the 
addition of DMF, 23.4 g (320 mmol). After stirring for 30 min a t  
25", EtOH (30 ml) was added, and the ethereal solution was 
washed with aqueous NH4CI and with H20, dried, and concen- 
trated. The yellow, gummy solid was triturated with C6H6 and 
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recrystallized from methylcyclohexane, giving beige crystals: 45%; 
mp 199-200.5"; analytical sample mp 200-201". Anal. (CzIH140z) 
C, H. 
9-Epoxyethyl-10-phenoxyphenanthrene (5c). See synthesis of 

IC and Table 11. 
9- (2-Dibuty lamino-  1 - hydroxyethyl )  - 10-p henoxyphenan- 

threne Hydrochloride (5d). See synthesis of 4f-1 and Table III. 
9-(2-Dialkylamino-l-hydroxyethyl)- lo-methoxyphenan-  

threne Hydrochloride (6d-1 and  6d-2). 9-Methoxyphenanthrene 
(6a) was prepared by the method of Eistert and E l - C h a h a ~ i , ~  
which involves the ring enlargement of 9-fluorenone with CHzNz. 
The crude product was chromatographed on silica gel using 80% 
CsH14-20% C,& as eluting solvent, giving white powder, 51%, 
mp 92.5-94" (lit.? mp 95"). 
10-Methoxy-9-phenanthrenecarboxaldehyde (6b) was pre- 

pared by the Vilsmeier-Haack reaction using a modification of 
the method of Hunsberger, Ketcham, and Gutowsky.8 DMF, 7.3 g 
(0.10 mol), was added dropwise to PoC13, 15.3 g (0.10 mol), the 
mixture cooled to 25", and 6a, 7.07 g (0.034 mol), added. The 
mixture was stirred a t  80" for 2 hr, cooled to 25", poured into ice 
water, extracted with EtzO, washed with HzO, dried, and con- 
centrated. The residue was recrystallized from CgH14, giving pale 
yellow needles, 7670, mp 84.5-86" (lit.8 mp 80.5-81.5"). 
9-Epoxyethyl-10-methoxyphenanthrene (6c). See synthesis of 

IC and Table 11. 
9- (2-Dibuty lamino-  1-hydroxyethy1)-  lo-methoxyphenan- 

threne Hydrochloride (6d-1). See synthesis of 4f-1 and Table III. 
9-(2-Diheptylamino-  1-hydroxyethy1)-10-methoxyphenan- 

threne Hydrochloride (6d-2). See synthesis of 4f-1 and Table III. 
9-(2-Dialkylamino-l-hydroxyethyl)-2,7-dibromo-l0-methoxy- 

phenanthrene Hydrochloride (7f-1 and 7f-2). 2,7-Dibromo-9- 
fluorenone (7a) was prepared by the TMP-Pz05 method. 9-Fluo- 
renone, 12.6 g (0.07 mol), was dissolved in trimethyl phosphate 
(150 ml) a t  go", and P205, 13.8 g (0.097 mol), was added. Brz, 
24.6 g (0.154 mol), in trimethyl phosphate (50 ml) was added dur- 
ing 30 min; the mixture was stirred a t  90" for 42 hr, cooled, 
poured into cold HzO, treated with NaHS03, and filtered. The 
yellow product was washed well with HzO, dried, and recrystal- 
lized from HOAc, giving yellow needles, 70%, mp 201-203" (lit.lo 
mp 202"). 
2,7-Dibromo-S-rnethoxyphenanthrene (7b-1) and 2,7-Di- 

bromo-9-dibutylaminomethyl-9-hydroxyfluorene (7b-2). 7a, 
17.8 g (52.8 mmol), in 50:50 MeOH-Et20 (800 ml) a t  0" was 
treated with excess CHzNz in Et20 according to the method of 
Eistert and El-Chahawi.? When the sluggish reaction was shown 
to be complete by tlc, HOAc (5 ml) was added to destroy the ex- 
cess CHzN2; the solution was washed with NaHC03 and with 
H20, dried, and concentrated. The yellow solid product was 
shown by nmr analysis to be a mixture of the desired 7b-1 (43%) 
and 2,7-dibromospiro(fluorene-9,2'-oxirane) (57%). The mixture 
was combined with CsH6 (50 ml) and (C4Hg)zNH (20 ml) and 
heated a t  reflux for 12 hr. The CsHe and (C4Hg)zNH were re- 
moved by distillation and steam distillation, respectively, and the 
resulting solid was triturated with EtzO, leaving 7b-1 as a pale 
yellow powder, 34%, mp 191-194" (lit.' mp 192"). Treatment of 
the triturate liquid with 10% HC1 gave the HCl salt of 7b-2, 
which was filtered, washed with HzO and with EtzO, and con- 
verted to the free base by treatment with dilute NH40H. 7b-2 
was recrystallized from C&4, giving pale yellow, transparent 
plates, 29%, mp 82.5-83.5". A d .  ( C Z ~ H Z ~ B ~ Z N O )  C, H, Br. 
9-Methoxy-2,7,10-tribromophenanthrene (7c). 7b-1, 7.42 g 

(20.3 mmol), was dissolved in CHzClz (650 ml) a t  25", and Brz, 
3.57 g (22.3 mmol), in CHZC12 (50 ml) was added during 30 min. 
After stirring a t  25" for 16 hr, the solution was washed with aque- 
ous NaHS03 and with HzO, dried, and concentrated, and the 
residue was recrystallized from CHCl,-EtOH, giving fluffy, white 
needles, 8770, mp 188-190". Anal. (C15HgBr30) C, H, Br. 

2,7-Di bromo- 1 0-me t henanthrenecarboxaldehyde 
(7d). Under Nz, C4H9Li, 7.34 ml (16.5 mmol, 22% in C&14), was 
added in one portion to a suspension of 7c, 6.68 g (15 mmol), in 
anhydrous Et20 (1 1.) a t  O", giving a yellow-green, clear solution. 
After stirring for 5 min a t  0", DMF, 11.0 g (0.15 mol), was added, 
and the mixture was warmed to 25" and stirred a t  25" for 4 hr fol- 
lowed by the addition of MeOH (20 ml). The mixture was washed 
with 10% HC1 and with HzO, dried, and cbncentrated. The resi- 
due was purified by chromatography on silica gel using 80% 
C6H14-20% C6H6 to elute the major side product, 7b-1, and then 
50% CsH14-50% CsHs to elute the aldehyde. After concentration, 
7d was recrystallized from CHC13-EtOH, giving white, fluffy nee- 
dles: 49%; mp 218.5-220"; analytical sample mp 219-221". Anal. 
( C I ~ H I O B ~ Z O Z )  C, H,  Br. 

2,7-Dibromo-9-epoxyethyl-lO-rnethoxyphenanthrene (7e). 
See synthesis of IC and Table 11. 
2,7-Dibromo-9-(2-dibutylamino-l -hydroxyethyl)- 10-methoxy- 

phenanthrene Hydrochloride (7f-1). See synthesis of 4f-1 and 
Table 111. 
2,7-Dibromo-9-(2-diheptylamino-l-hydroxyethy~)-lO-me- 

thoxyphenanthrene Hydrochloride (7f-2). See synthesis of 4f-1 
and Table 111. 
9-(2-Dialkylamino-l-hydroxyethyl)-2,7-dichloro- 10-methoxy- 

phenanthrene Hydrochloride (8f-1 and 8f-2). 2,7-Dichloro-9- 
fluorenone (8a). 2,7-Dichlorofluorenone, 19.3 g (82.4 mmol), was 
dissolved in boiling HOAc (250 ml), and CrO3, 22.0 g (0.275 mol, 
2.5 equiv), was added a t  such a rate as to maintain gentle reflux 
with no external heating. The mixture was heated a t  reflux for 5 
hr, cooled, poured into HzO, and filtered, and the product was 
washed with HzO, dried, and recrystallized from HOAc, giving 
fluffy, yellow needles, 68%, mp 191.5-193.5" (1it.lo mp 189"). 
2,7-Dichloro-9-methoxyphenanthrene (8b). 8a, 7.4 g (19.7 

mmol), in 50:50 MeOH-EtzO (400 ml) a t  0" was treated with ex- 
cess CHzNz in Et20 as in the synthesis of 7b and was worked up 
in the same manner. The crude product, a pale beige solid, was 
shown by nmr analysis to be a mixture of the desired 8b (44%) 
and 2,7-dichlorospiro(fluorene-9,2'-oxirane) (56%). Chromatogra- 
phy on activated silica gel using 10% CsH6-90% C6H14 gave, after 
concentration, white powder: 41%, mp 166-168"; analytical sam- 
ple mp 167-1685". Anal. (C15HloC120) C, H,  C1. 
9-Bromo-2,7-dichloro-l0-methoxyphenanthrene (812) was 

made from 8b and Brz in the same manner as 7c. Recrystalliza- 
tion from CHC13-EtOH gave fluffy, white needles, 84%, mp 185- 
187". Anal. (C15H9BrC120) C, H.  

2,7-Dichloro- 10-methoxy-9-phenanthrenecarboxaldehyde 
(My was prepared from 8c by a procedure analogous to that for 
7d. After chromatography as in 7d, the eluted aldehyde was re- 
crystallized from methylcyclohexane, giving fluffy, pale yellow 
needles, 42%, mp 187-188". Anal. ( C ~ ~ H ~ O C ~ Z ~ Z )  C, H, C1. 
2,7-Dichloro-9-epoxyethyl-lO-methoxyphenanthrene (8e). 

See synthesis of IC and Table 11. 
?)-(2-Dibutylamino-l-hydroxyethyl)-2,7-dichloro-lO-methoxy- 

phenanthrene Hydrochloride (8f-1). See synthesis of 4f-1 and 
Table 111. 

2,7-Dichloro-9-(2-diheptylamino-l -hydroxyethyl)-10-me- 
thoxyphenanthrene Hydrochloride (8f-2). See synthesis of 4f-1 
and Table 111. 
2,7-Dibromo-l0-methyl-9-phenanthrenecarboxaldehyde (9a) 

and 2,7-Dibromo-9-methylphenanthrene (9b). Under Nz, 4b, 
1.07 g (2.5 mmol), was dissolved in a mixture of anhydrous THF 
(200 ml) and anhydrous Et20 (100 ml), the solution cooled to 
-70", and C4H9Li, 1.12 ml (2.75 mmol, 22% in CsH14), added in 
one portion to give a bright green color. After stirring a t  -70" for 
45 min, DMF, 1.83 g (25 mmol), was added to give a bright yellow 
color, the mixture stirred at  -70" for 1 hr, and MeOH (25 ml) 
added. The solution was washed with aqueous NH4C1 and with 
HzO, dried, and concentrated. The mixture of two major compo- 
nents was chromatographed on silica gel using 5050 C.&-C&4 
as eluting solvent. The first component eluted (250 mg) was 
shown by nmr analysis to be Sb, and recrystallization from CsH14 
gave mp 149-150". The amount of 9b was too small to  carry on to 
the phenanthrenemethanol. A n d .  (C15H10Br2) C ,  H,  Br. Further 
elution gave the second component, shown by nmr analysis to be 
9a (190 mg); recrystallization from CsH14 gave mp 229.5-232.5". 
Anal. (CleHloBrzO) C, H,  Br. 
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Synthesis of Analogs of &Arylthio-, &Arylsulfinyl-, and 
6-Arylsulfonyl-2,4-diaminoquinazolines as Potential Antimalarial Agents? 
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Numerous 6-arylthio-, 6-arylsulfinyl-, and 6-arylsulfonyl-2.4-diaminoquinazolines have been synthesized, many of 
which possess potent activity against both sensitive as well as drug-resistance strains of plasmodia. The present 
study describes the preparation of 23 analogs involving modifications of the substituents in the 2 and/or 4 positions 
of the quinazoline nucleus. Only one of the new compounds, 2-amino-4-hydroxy-6-(~~naphthylsulfonyl)quinazoline 
(16a), displayed curative activity against Plasmod ium berghei in mice and was substantially less potent than its 
4-amino counterpart 2a. 

The discovery of the antiprotozoan activity of 2,4-diami- 
noquinazolines as exemplified by la,b1s2'has led to the 
synthesis of a wide variety of compounds of this c l a s ~ . ~ - ~  

la. R = H 
b, R = K O  

Of these, the most promising potential antimalarial 
agents are certain 6-arylthio-2,4-diaminoquinazolines and 
their sulfinyl and sulfonyl analogs. For example, 2a,b are 
currently undergoing clinical trials since they have shown 
efficacy against drug-resistant strains of plasmodia.6 Al- 

NH, 
I 

though the mechanism of action of these compounds has 
not been fully elucidated, it is noteworthy that a variety 
of compounds of this type are effective inhibitors of dihy- 
drofolate reductase isolated from either rat liver or Strep-  
tococcus faecium (in ui tro) . f  

In a recent communication, we described the prepara- 
tion of a series of isomers and analogs of 2a,b in which the 
aromatic moiety was attached to the 5 position of the 
quinazoline nucleus by a suitable spacer.7 None of these 
displayed any significant activity against Plasmodium 
berghei in mice. However, several were found to be mod- 
erately potent inhibitors of rat  liver dihydrofolate reduc- 
tase.? The present study was initiated in order to deter- 
mine the effect of altering the groups attached to the 2 

tThis work was supported by U. S. Army Medical Research and Devel- 

XJ. B. Hynes. W. T. Ashton, and J. H. Freisheim. unpublished results. 
opment Command Contract No. DADA 17-51-C-1066. 

and 4 positions of the quinazoline ring upon antimalarial 
activity. It was hoped that configurations such as 2-  
amino-4-hydroxy or 2-amino-4-mercapto would confer 
greater inhibitory action upon tetrahydrofolate-dependent 
enzymes such as thymidylate synthetase. Inhibitors of this 
type could prove to be of value when used in conjunction 
with 2,4-diaminoquinazolines such as 2a,b. Physical data 
for the new compounds synthesized are summarized in 
Table I. 

Chemistry. The 2-amino-4-hydroxyquinazolines 14a,b, 
15, and 16a,b were prepared by the standard acid-cata- 
lyzed hydrolysis of the corresponding 2,4-diamino com- 
pounds.'.§ Two of the products 14a and 16a were subse- 
quently reacted with P2S5 in pyridine to afford the corre- 
sponding 2-amino-4-mercapto analogs 7 and 8. Acylation 
of 16a with acetic anhydride or trichloroacetic anhydride 
in pyridine yielded the 2-acetamido derivatives 17 and 18, 
respectively. 

Synthetic routes to the remaining analogs of B-arylthio- 
2,4diaminoquinazolines are summarized in Scheme I. 
Standard cyclization procedures employing urea, thiourea, 
potassium ethyl xanthate, or formamide were employed to 
prepare compounds 13a,b, 5, 9, and 19a,b, respectively. 
The key 5-arylthioanthranilonitriles 3a,b were prepared 
according to  methods developed by Elslager and cowork- 
ers.§,= Similarly, the reaction of ethyl 2-amino-j-(2-naph- 
thy1thio)benzoate (4)$,** with thiourea and urea yield- 
ed 11 and 12. Oxidation of the 4-aminoquinazolines 19a,b 
with 30% H202 or triethylenediamine dibromide yielded 
the sulfoxides 20a,b, while the corresponding sulfones 
21a,b were obtained with excess permanganate in aqueous 
AcOH.' 

Alkylation of 4-amino-2-mercapto-6-(2-naphthylthio)- 
quinazoline (5)  with Me1 in the presence of base afford- 
ed the 2-methylmercapto derivative 6. The reaction of the 
4-amino-2-hydroxyquinazoline 13a with PzS5 was at- 
tempted as an alternate route to compound 5. However. 
in this case the 4-amino group was preferentially dis- 
placed yielding 10. Proof of this configuration was provid- 

$Samples or synthetic procedures provided by the U. S. Arrny Program 

=E. F. Elslager and coworkers, Parke. Davis and Co.,  unpublished re- 

**F. W. Starks, Starks Associates. Inc.. unpublished results. 

on Antimalarial Research. 

sults. 


