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added similarly. The reaction mixture became colorless. The 
crude product was precipitated by addition of water. The broad 
melting point of the derived HC1 salt was consistent with the 
presence of a mixture of diastereoisomers. 

X, N-Di-n-butylfluorenylideneacetamide (I) .  Ethyl fluorenyli- 
deneacetatels was hydrolyzed to the a ~ i d ' ~ . * ~  and the latter con- 
verted to the title compound by a procedure described recently2' 
for the direct conversion of carboxylic acids to amides. The crude 
product in CHC13 was washed with 5% HC1 and recovered from 
the dry (MgS04) solution as 9.1 g (61%) of a red oil. The oil was 
twice distilled at 220" (0.01 mm) (bulb-to-bulb) and obtained as a 
viscous yellow oil. Anal. ( C Z ~ H ~ ~ N O )  C, H ;  N: calcd, 4.20; found, 
3.70. 

Lnsuccessful attempts were made to identify the products ob- 
tained by hydroboration with d i ~ i a m y l b o r a n e . ~ ~  
2,7-Dichloro-9-hydroxy-9-(2-pyridyl)-4-fluorenecarbox~lic 

Acid. The crude material (mp 224-232") was obtained in 2270 
yield from 2,7-dichlorofluorenone-4-carboxylic acid under the con- 
ditions of the Boykin reaction.22 A sample for analysis (CHzCN) 
had mp 250-252" dec. Anal. (C19HllCI~N03) C, H, C1, N .  
2,7-Dichloro-9-hydroxy-9-(2-piperidyl)-4-fluorenecarboxylic 

Acid Hydrochloride (11). The pyridyl intermediate was hydroge- 
nated in EtOH-HCl over Adams' PtOz in the usual way to give a 
yellow solid which, after trituration with CHsCN, became color- 
less (9570, mp 244-245" dec). Anal. (C19H18C13N03) C, H. C1,S .  
N-(2-Fluorenyl)-~,5'-bis(trifluoromethyl~diphenamic Acid 

(IIIa).  5,5'-Bis(trifluoromethyl)diphenic anhydride was allowed 
to react with 2-aminofluorene in a general procedure13 to give the 
amic acid (74%), mp 240-242". Anal. ( C ~ S H ~ ~ F ~ N O ~ )  H,  S ;  C: 
calcd, 64.32; found, 63.72. 

Compound IIIb was prepared similarly from 2-aminofluorenone 
and obtained in quantitative yield: mp 276-279". Anal. 
(C29H15F6No4) H,  N;  C: calcd, 62.71; found, 62.06. 
~~-(2-Fluorenyl)-3,~'-bis(trifluoromethyl)diphenimide (IVa). 

The amic acid IIIa was cyclized by Ac20-AcONa13 to give the 
imide in 98% yield: m p  310-313". Anal. ( C ~ ~ H ~ ~ F ~ N O Z )  H, N:  C: 
calcd, 66.54; found, 65.96. 

Compound IVb was prepared similarly from IIIb: mp 322-325". 
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The undesirable phototoxicity of potent antimalarials in 
the substituted 2-phenyl-4-quinolinemethanol series has 
been discussed by us1 and by others.2 Our unsuccessful ef- 
forts to decrease phototoxicity (without a t  the same time 
decreasing antimalarial activity) involved four structural 
modifications.' More recently some success was achieved 
with compounds in which the 2-phenyl substituent was 
separated from the quinoline nucleus by CH2, CO, and CF2 
groups.2 When the %phenyl groups were replaced by aryl- 
oxy or arylamino groups there was a little to a moderate ef- 
fect on both phototoxicity and antimalarial a ~ t i v i t y . ~  When 
the 2-phenyl groups were replaced by thienyl groups photo- 
toxicity remained; when they were replaced by methyl or 
t e r t -  butyl groups phototoxicity decreased but antimalarial 
activity did 

Our earlier' reduction of the well-known 6,8-dichloro-2- 
phenyl-cu-(2-piperidyl)-4-quinolinemethanol (I) gave the 
1,2,3,4-tetrahydro derivative I1 which was less phototoxic 
than I, but whose evaluation was complicated by the fact 
that I1 was toxic to mice a t  50 mg/kg ip. 

In order to subject our hypothesis to  a more satisfactory 
evaluation we have now prepared IV-VI from I11 (variously 
known as SN15068 or WR 30090) by the route shown. 

At the time .the work began I11 was known to have about 
half the antimalarial activity of I but was much less toxic 
because it did not cause depletion of catecholamines with 
related  effect^.^ I t  was thought that the unacceptably high 
phototoxicity of I11 in mice would prevent its clinical use, 
although the reported6 minimum effective phototoxic dose 
in swine was just 25 mg/kg PO, identical with that of qui- 

+ Contribution No. 1259 of the Army Research Program on Malaria 
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nine sulfate. Subsequent clinical studies have shown I11 to 
have an acceptably low phototoxicity in man.7 

In the standard antimalarial test used previously1 IV was 
“active” a t  40 mg/kg, gave one cure a t  80 mg/kg, three 
cures a t  160 mg/kg, and five cures a t  320 mg/kg. Compound 
VI was “active” at  80 mg/kg and gave three cures a t  320 
mg/kg and five cures a t  640 mg/kg. Compound V was inac- 
tive even a t  640 mg/kg. 

The minimum effective phototoxic doses of IV was found 
to be 400 mg/kg, while that of I11 was just 50 mg/kg. The 
phototoxic index (PI) is defined as the ratio of the mini- 
mum effective phototoxic dose (ip) to the dose required to 
produce an increase of 6-8 days in the mean survival time 
of mice inoculated with Plasmodium berghei (5.0 mg/kg for 
111, 40 mg/kg for IV). For both I11 and IV the PI = 10. 
Thus, we record another unsuccessful attempt to prepare 
potent quinolinemethanol drugs with acceptably low pho- 
totoxicity. The search was abandoned when nonphototoxic 
antimalarials became available in the Army program. 

No attempt was made to separate the diastereoisomeric 
mixtures in which IV-VI occurred. The significant decrease 
in phototoxicity in these compounds was accompanied by 
negligible absorption above 310 nm. Unreduced phototoxic 
2-phenylquinolinemethanols(such as 111) all have strong 
absorption in the 320-360-nm region. 

Experimental  Section 
Melting points were obtained in capillaries and are uncorrected. 

Elemental analyses were performed by Galbraith Laboratories, 
Inc., and by the late Dr. S. M. Nagy (Belmont, Mass.). Satisfactory 
uv and ir spectra were recorded for IV-VI. 

CY-( Di-n-butylaminomethyl)-2-phenyl-3‘,4’,6,8-tetrachloro- 
1,2,3,4-tetrahydro-4-quinolinemethanol Hydrochloride (IV- 
HCI). Compound III.HCI (kindly provided by the Division of 
Medicinal Chemistry, Walter Reed Army Institute of Research) 
was converted to its free base,: mp 130-132’. The latter was re- 
duced by the procedure described’ for the reduction of I to I1 and 
IV-HC1 was isolated (80-90%) as a cream-colored flocculent solid, 
mp 100-160” dec. Anal. ( C Z ~ H ~ ~ C ~ ~ N ~ O . H C I )  H, N; C: calcd, 54.12; 
found, 54.06; C1: calcd, 31.95; found, 30.41. 

Tlc (SiOz, MeOH-2% “3) showed that  no unreduced material 

* Lutz, et ~ l . , ~  record mp 128-129O. 

was present. The chlorine content of the products of other runs 
varied from 29 to 31% showing that  some loss of chlorine occurred 
during the catalytic reduction. 

l-Acetyl-a-(di-n-butylaminomethyl)-2-phenyl-3‘,4’,6,8-tet- 
rachloro-1,2,3,4-tetrahydro-4-quinolinemethanol Acetate 
Hydrochloride Monohydrate  (V.HCbH20). A solution of 4.6 g 
(0.0083 mol) of IV.HC1 in 25 ml of AczO was heated a t  reflux for 2 
hr. After dilution with water and hydrolysis of excess AczO the so- 
lution was acidified with excess 6 N HC1 to precipitate V.HC1, 
which was washed on the filter with 2 N HC1 and dried a t  25’ (1 
mm) to give 4.1 g (75%), mp 90-200° slow dec. Unlike IV.HC1 and 
VI.HC1, V-HC1 was significantly soluble in HzO; it was much less 
soluble in dilute HC1. Anal. (C29H36C14N203“Cl“~O) C, H,  C1, 
N. 
tu-(Di-n-butylaminomethyl)-l-ethyl-2-phenyl-3’,4’,6,8-tetra- 

chloro-1,2,3,4-tetrahydro-4-quinolinemethanol Hydrochlo- 
r ide (VI-HCl). A solution of 2 g (0.00313 mol) of V.HC1 in 20 ml of 
dry T H F  was added dropwise to a stirred suspension of 2.5 g 
(0.0066 mol) of LiAlH4 in 70 ml of THF. The free base VI was iso- 
lated in the usual way and converted to its HCl salt in dry ether so- 
lution. After drying a t  35’ (1 mm) VI.HC1 was obtained as a tan 
powder (77%), mp 75-110° slow dec. The uv spectrum was qualita- 
tively identical with that  of IV and the ir spectrum showed no car- 
bonyl absorption. Anal. ( C ~ ~ H ~ , ~ C I ~ N Z O - H C ~ )  N; C: calcd, 55.64; 
found, 56.40; h; calcd, 6.30; found, 6.94; C1: calcd, 30.41; found, 
28.12. 

It was apparent that  some loss of C1 occurred during the reduc- 
tion reaction. When the reaction was prolonged, C1 values fell as 
low as 25%; after shorter reaction times C1 values were higher, but 
the product contained residual carbonyl, detected by ir. Direct al- 
kylation of IV to VI by a variety of standard procedures failed. 
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One of the common sneezeweeds, Helenium autumnale 
L. var. montanum (Nutt.) Fern. (Compositae family), dis- 
plays several to many heads of bright yellow flowers and i s  
found widely distributed throughout the western United 
States. The animal toxicity associated with this plant and 
other Helenium species is well known.2.3a In addition, se- 
vere nasal and eye irritation is generally encountered with 
H. autumnale. 

During the process of evaluating Oregon plants for an- 
tineoplastic agents, we found that extracts of Helenium 
autumnale L. var. montanum (Nutt.) Fern. showed signif- 
icant inhibitory activity in both in vitro (9 KB cell cul- 
ture) and in vivo (P-388 lymphocytic leukemia) studies4 
performed under auspices of the National Cancer Insti- 
tute. Encouraged by these initial biological results, sepa- 


