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Antimalarial Phenanthrene Amino Alcohols. 3.
Halogen-Containing 9-Phenanthrenemethanols!
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Atsuto Kozuka, Hirotaka Otomasu, Basant L. Verma, and David Goff
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A series of new 9-phenanthrene amino alcohols has been prepared in which each compound bears from one to five
halogen or halogen-containing moieties. A number of these compounds are extremely active against Plasmodium ber-
ghel in the mouse. Some structural requirements for optimal efficacy are considered.

The recent emergence of drug-refractory falciparum ma-
laria®-4 sparked various promising chemotherapeutic leads,
dormant since World War II. Prominent among these early
leads was the significant avian antiplasmodial activity of
the 9-phenanthrenemethanols (I) and particularly those
with a nuclear chlorine or bromine atom.2b:5.6

CHOHCH.N(alkyl),

The enhancement of prototype medicinals by substitut-
ing fluorine or fluorine-containing groups for halogen or
hydrogen has been demonstrated repeatedly during the
past two decades.”® It was therefore a logical extension of
this work which led us to a series of extremely potent fluo-
rine-containing 9-phenanthrenemethanol antimalarials.%10

The present paper completes our fluoro series and de-
tails a congeneric group, almost as active, comprised of 9-
phenanthrenemethanols substituted with halogens other
than fluorine.
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Chemistry. The preparative routes were essentially
those described in paper 1.2 Details have been tabulated in
the Experimental Section. The synthesis of the phenan-
threneethanol (199) was effected as indicated in Scheme 1.

Biology. Table I provides murine antimalarial data for
15 monohalo-, 13 dihalo-, 17 trihalo-, and 4 tetrahalo-9-
phenanthrenemethanols. Also included are data for a single
methyl derivative, three compounds in which halogen is
combined with ether moieties, and four additional trifluo-
romethyl analogs (189, 190, 104, 103). A 9-phenanthrene-
ethanol derivative (199) was prepared to test the effect of
homologizing the side chain of an active 9-phenanthrene-
methanol in the position adjacent to the nucleus. The result
was complete loss of activity.

All of the monochloro derivatives were relatively unim-
pressive, providing multiple cures only at the highest con-
centrations. 2-Cl (155) held a slight edge over the others
while 8-Cl (165) was unique in its complete inactivity even
at 640 mg/kg.

By contrast, the monobromo derivatives (157, 86, 87)
were active or curative at 80 mg/kg with 157 and 86 show-
ing some activity as low as 40 mg/kg.

Those compounds which contained no halogen (88) or in
which halogen was combined with nonhalogenic groups
(174, 175, 102) were not curative below 640 mg/kg.

Introduction of a second halogen atom produced a much
improved group of compounds, some of which were cura-
tive (1/5) at 20 mg/kg and most of which were active at 10
mg/kg. The favored positions were 2,4 and 2,6. The dibro-
mo compounds were a bit more active than the correspond-
ing dichloro derivatives.

Peak activity among the unfluorinated 9-phenan-
threnemethanols was achieved with the trisubstituted de-
rivatives. Thus, the 2,4,6 and 2,5,7 analogs (99, 100) pro-
duced 5/5 cures at 20 mg/kg with the latter providing an
additional cure at 10 mg/kg.

The best of the tetrachloro derivatives (186), with 5/5
cures at 40 mg/kg, 2/5 cures at 20 mg/kg, and some activity
at 10 mg/kg, was about as active as the best of the dihalo
series (171).

Table II has collected, from the three papers in this se-
ries, all of the compounds which are curative at concentra-
tions of 20 mg/kg or less. These compounds are presented
in order of decreasing activity so that an optimal substitu-
tion pattern begins to emerge from the upper portion of the
table. Thus, nine of the topmost ten compounds {80-100%
curative at 20 mg/kg) are polysubstituted with Cl or a com-
bination of Cl and CF3. (The lone exception, the monosub-
stituted 2-CF3 analog, was also anomalous in being the only
toxic compound in the entire series.) The top ten com-
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Table I. Blood Schizonticidal Antimalarial Activity? (P. berghei, Mouse)
CHOHR-HCI

AMST or C¢ at dose, mg/kg

No. Substituents R? 5 10

20 40 80 160 320 640

153 1-Cl CH,NBu, 2.1 4.7 5.7 10.9 1c 2c
154 1-Cl CH,NHep, 0.5 1.5 2.1 5.3 7.3 8.7
155 2-Cl CH,NBu, 1.1 3.3 7.5 13.3 1C 5C
156 2-Cl CH,NHep, 2.2 5.6 6.2 11.0 12.6 5C
157  2-Br CH,NBu, 1.9 5.9 7.3 11.9 3C 5C 5C
86 2-Br Pip 3.1 12.7 2C 2C 3C 5C
158  4-Cl CH,NHep, 0.7 3.1 3.3 4.3 7.3 20
159 5-C1 CH,NBu, 0.3 0.5 1.5 4.9 9.1 2c
160 5-C1 CH,NHep, 1.3 4.9 7.1 8.9 13.2 5C
161 6-C1 CH,NBu, 0.3 0.7 4.7 8.1 10.1 2C
162 6-Cl CH,NHep, 0.7 3.9 5.9 7.9 9.9 11.9
87  6-Br Pip 0.6 1.8 9.6 2c 3C 5C
88 6-CH, Pip 0.4 1.2 5.8 1.4 4c
163 7-Cl CH,NBu, 0.3 0.7 1.1 7.1 7.9 14.1
164 7-Cl CH,NHep, 2.1 4.7 7.5 9.3 1c 3C
165  8-Cl CH,NBu, 0.7 0.7 0.9
89 1,3-Cl, Pip 2.5 4.1 12.9 3C 5C 5C 5C
166 2.4-Br, CH,NBu, 1.9 9.5 11.5 4c 5C 5C 5C 5C
167 2,6-Cl, CH,NE, 1.3 9.7 1c 3C 5C 5C 5C 5C
168 2,6-Cl, CH,NPr, 1.9 9.3 13.5 3C 5C 5C 5C 5¢C
169 2,6-Cl, CH,NBu, 2.9 10.7 1c 3C 5C 5C 5C
170 2.6-Cl, CH,NAm, 5.5 8.3 2C 5C 5C 5C 5C
90  2,6-Cl, Pip 0.5 3.9 14.9 5C 5C 5C

171 2,6-Br, CH,NPr, 6.5 1C 5C 5C 5C 5C 5C
172 2,6-Br, CH,NBu, 6.3 11.5 3C 5C 5C 5C 5C
91 2.6-Br, Pip 0.6 6.2 15.6 3C 5C 5C 5C 5C
173 3,6-Cl, CH,NHep, 0.3 2.5 3.1 9.5 16.1 5C
92 3,6-Cl, Pip 0.3 9.1 12.3 13.5 4c 5C 5C
174 3-Cl, 6-OCH, CH,NBu, 0.3 0.5 0.5 1.1 6.9 10.1
175 3-Cl, 6-OCH, CH,NHep, 0.5 1.5 3.9 13.7 16.7 3C
93 5.7-Cl, Pip 0.7 12.5 14.9 5C 5C
176 1,3.6-Cl, CH,NEL, 5.7 8.8 1C 1C 5C 5C 5C 5C
177 1,3,6-Cl, CH,NPr, 4.1 12.1 2C 5C 5C 5C 5C 5C
178 1,3,6-Cl, CH,NBu, 4.9 11.3 14.1 2C 5C 5C 5C
94 1,3,6-Cl, Pip 0.3 3.9 4c 4C 5C 5C 5C
179 1.3.6-Br, CH,NBu, 6.1 6.9 2C 3C 5C 5C

95 6-Br, 1,3-Cl, Pip 0.5 2.1 11.9 3C 3C 5C

96 1.3,7-Cl, Pip 0.3 0.3 0.5 1c 3C

97 2,3,6-Cl, Pip 0.3 4.9 15.3 1c 5C 5C

180  2,3,6-Br, CH,NBu, 1.9 5.9 9.9 1C 3C 5C

98 6-Br, 2,3-Cl, Pip 0.5 3.1 13.5 3C 5C 5C 5C
181 2.4,6-Cl, CH,NBu, 8.1 2c 3C 5C 5C 5C 5C
99 2.4,6-Cl, Pip 3.1 10.1 5C 5C 5C 5C 5C 5C
182 2,4,7-Cl, CH,NBu, 4.5 8.1 12.1 3C 5C 5C 5C 5C
183 2,5,7-Cl, CH,NBu, 6.3 8.5 10.9 13.1 5C 5C 5C 5C
100 2.5.7-Cl, Pip 0.7 1C 5C 5C 5C 5C 5C 5C
184 3,5,7-Cl, CH,NBu, 5.3 11.7 5C 5C 5C 5C 5C
101 3,6,7-Cl, Pip 1.3 11.9 2C 3C 5C 5C 5C
102 6-Cl, 2,3-OCH,0~ Pip 0.1 0.3 0.3 0.5 3.9 9.5 3C
185 2,3,5,6-Cl, CH,NBu, 7.5 1C 3C 5C 5C 5C 5C
186 2,3,6,7-Cl, CH,NBu, 7.7 2C 5C 5C 5C 5C 5C
187 1.2,6,7-Cl, CH,NBu, 3.3 4.9 6.9 11.9 15.1 5C 5C
188 1,3.5,7-Cl, CH,NBu, 3.9 8.7 14.1 2C 5C 5C
189 2.,4-(CF,), CH,NMe, 0.7 9.5 15.1 2c 4c 5C 5C 5C
190  2,4-(CH,), CH,NPr, 5.9 14.1 2C 5C 5C 5C 5C 5C
104 2.,4-(CF,), Pip 0.9 4.3 5.9 5C 5C 5C
103 1,2,3.4-Cl,, 6-CF, Pip 0.5 4c 5C 5C 5C 5C

“Tests were carried out by the Rane Laboratory, University of Miami, Miami, Fla., using blood induced P. berghei infected mice (five
animals/group) by the method described by Osdene et al.13 Test data were supplied by Drs. T. R. Sweeney and R. E. Strube of Walter Reed
Army Institute of Research. *Pip = 2-piperidyl. ¢AMST, mean survival time over controls (6.2 + 0.49 days): C, number of cures (mice sur-
viving to 80 davs); a compound is considered to be “active” when the MST of the treated group is more than twice that of the control group.
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Table I1. Blood Schizonticidal Antimalarial Activity, Curative at 20 mg/kg? (P. berghei, Mouse)
CHOHR-HCI
9
Q@Q Cures (C) or AMST® at dose, mg/kg
6 3

Substituents R® 5 10 20 40 80
6,7-Cl,y, 2,4-(CFy),° CH,NPr, 5C 5C 5C 5C 5C
7-Cl1, 2,4-(CF3)2 Pip 4.1 5C 5C 5C 5C
6-Cl, 2,4-(CF,), Pip 0.3 3C 5C 5C 5C
2,4-Cl,, 6-CF, Pip 5.5 3C 4C 5C 5C
1,2,3,4-Cl,, 6-CF, Pip 0.5 3C 5C 5C
2,5,7-Cl, Pip 0.7 1c 5C 5C 5C
6,7-Cl,, 2,4-(CF,), Pip 7.9 1C 4C 5C 5C
2,4,6-Cl, Pip 3.1 10.1 5C 5C 5C
1,2-Cl,, 6-CF, Pip 0.7 13.5 4c 5C 5C
2-CF,’ Pip 6.5 4c 5C 5C
5,7-Cl,, 3-CF, Pip 0.5 1c 2C 5C 5C
1,3-Cl,, 6-CF, CH,NBu, 7.1 12.5 2c 5C 5C
2,4-(CFy), CH,NPr, 5.9 14.1 2C 5C 5C
3,4-Cl,, 6-CF, Pip 1.3 11.5 3C 5C 5C
2,4,6-(CF,), Pip 1.9 3C 5C 5C
6,7-Cl,, 3-CF, CH,NPr, 13.1 2c 4c 5C
2,3,6,7-Cl, CH,NBu, 7.7 2C 5C 5C
6-Cl, 3-CF, Pip 0.6 1.5 2C 5C 5C
7-Cl, 2-CF, Pip 1.1 1C 1C 5C 5C
2,6-Br, CH,NPr, 6.5 1C 5C 5C
2,4,6-Cl, CH,NBu, 8.1 2C 3C 5C
1,3,6-Cl; CH,NPr, 7.9 2C 3C 5C
1,3,6-Br, CH,NBu, 6.1 6.9 2C 3C 5C
2,3-Cl,, 6-CF, Pip 0.6 7.0 1C 4c 5C
2,6-Cl, CH,NEL, 1.3 9.5 1C 3C 5C
2,3,5,7-Cl, CH,NBu, 7.5 1c 3C 5C
3-Cl, 6-CF, Pip 5.0 1C 3C 5C
1,3-Br,, 6-CF, Pip 0.3 1c 3C 5C
2-Br, 6-CF, Pip 1.8 17.5 1C 3C 4c
2-Cl, 6-CF, Pip 0.3 0.3 1c 3C 4c
2-Cl, 5-CF, Pip 3.8 17.3 2C 2C 4C
3,6-(CFy), CH,NBu, 4.7 5.9 1C 3C 3C
2-Br, 6-CF, CH,NBu, 1c 3C 3C
2-Cl, 6-CF, CH,NBu, 5.3 7.5 1C 2C 2C
3,4-Cl,, 6-CF, CH,NPr, 5.5 1C 2C 5C
3-Br, 6-CF, Pip 3.9 1C 2C 2C
1,3,6-Cl, CH,NEL, 5.7 8.1 1c 1C 5C
Unsubstituted Pip 0.3 0.3 0.5
Unsubstituted” CH,NHex, 0.2 1.2 1.6
Unsubstituted” CH,NHep, 4.0 4.2 5.2

aTable I, footnote a. *Pip = 2-piperidyl. tAMST at 2.5 and 1.25 mg/kg = 12.1 and 6.9 days, respectively. ¢One and two toxic deaths at

320 and 640 mg/kg, respectively. €Table I, footnote . 'E. L. May and E. Mosettig, J. Org. Chem., 11, 10 (1946).

Table IV, Nitro-a-phenylcinnamic Acids®

COOH

Phenylcinnamic Phenylacetic Meth- Temp, Mp, °C Yield,
No. acid acid od (solvent) % Formula Analyses®
1 2-Cl, 2'-NO, 2-NO,’ 2-C1° B. 216-218 76 Cy;H,,CINO,
(EtOH)
2 5-Cl, 2-NO, Unsubsti- 5-Cl, 2-NO,’ B 191192 5¢ 79  CyHy,CINO,
tuted (EtOH)
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Table IV (Continued)
Phenylcinnamic Phenylacetic Benz- Meth- Temp, Mp, °C Yield,
No. acid acid aldehyde od °C (solvent) aq Formula Analyses®
3 3-Cl, 2'-NO, 2-NO," 3-Cr’ B 100 192-194 79 CyH,CINO, C,H, N
(50% EtOH)
4  3/-Cl, 2-NO, 3-Cr 2-NO,” B 100 160162 85 C,sH,,CINO, C,H,N
(50% EtOH)
5 4'-Cl, 2-NO, 4-cr 2-NO,” B 100 185-187° 45 CyH,CINO, &
(EtOH)
6 2'-Cl, 2-NO, 2-Cr¥ 2-NO,’ B 100 181.5-183.5 67 C;;H;,CINO, C,H,N
(EtOH)
7  5-Br, 2-NO, Unsubsti- 5-Br, 2-NO,” B 65 179-181 80 Cy;HBrNO, C, H, N
tuted (C;Hy)
8  4'-CH,, 2-NO, 4-CH, 2-NO,” A 65 192-200 80  CyH3NO, h
(crude)
9  2,4-Cl,, 2/-NO, 2-NO," 2,4-Cl,’ B 80 198-199 71 CyH,CLNO, C,H, N
(CeHy)
10 3,5-Br,, 2/-NO, 2-NQ,’ 3,5-Br,’ B 80 232-233 73 CyH,Br,NO, C,H, N
(AcOH)
11 4/,5-Cl,, 2-NO, 4-cr’ 5-Cl, 2-NO,’ C 175 200.5-201.5 81 Cy;H,CL,NO, C,H,N
(CiHg—hexane)
12 4',5-Br,, 2-NO, 4-Br¢ 5-Br, 2-NO,” B 95 218-219 69 CyHgBr,NO, C,H, N
(MeOH)
i3 4,4'-Cl,, 2-NO, 4-C1° 4-Cl, 2-NO,* B 100 179.5-180.5 77 CysHoCLNO, C, H, N"
(EtOH)
14 37,5'-Cl, 2'-NO, 3,5-Cl,,  Unsubsti- B 55 202-203 62 CysH,CLNO,  C, H, N
2-NO,’ tuted (CeHg)
15  4-Cl, 4'-OCHj,, 4-OCH,’ 4-Cl, 2-NO.,* B 100 167.5-168.5 76 Cy¢H{;CINO; C,H,N
2-NO, (EtOH)
18 2,4,4'-Cl,, 2/-NO,  4-Cl, 2,4-Cl," c 5 241-243 98 CyHsCL,NO, &
2-NO,™ {(dioxane—aq EtOH)
17 4/-Br, 2,4-Cl,, 4-Br, 2,4-CL,} Cc 85 241-243 88 Cy;HRCL,BrNO, C, H, N
2/-NO, 2-NO,™ (ag EtOH)
18  2,4,4'-Br,, 2'~-NO, 4-Br, 2,4-Br,’' C 75 243-244 48 CsHyBr;NO, C,H, N
2-NO,™ (AcOH)
19 2,45'-Cl,, 2'-NO,  5-Cl, 2,4-ClL,’ c 75 191.5-192.5 78  CysHCLNO, C,HN
2-NO,' (CgHg—hexane)
20 4,4’,5-Cly, 2-NO, 4-C1° 4,5-Cl,,’ B 80 186-189 58 CysHeCL,NO,  C, H,N
2-NO, (CeHy)
21  4'-Br, 4,5-Cl,, . 4-Br¢ 4,5-Cl,,’ B 60 211-213 64 C;HCl,BrNO;, C, H, N
Z‘NOQ 2"'N02 (CgHg)
22 4,4',5-Br,, 2-NO, 4-Br? 4,5-Br,,’ B 170 219-220 56 CysHgBr,NO, C, H, N
2-NO, {AcOH)
23 3,4',5-Cly, 2/-NO,  4-C1, 3,5-Cl,’ B 90 252-254 78 C;HCL,NO, C, H,N
2-NO," (CHy)
24 3,55'-Cly, 2-NO,  5-CI, 3,5-Cl,’ B 90 235-237 44 CuH,CLNO,  C, H, N
Z‘NOZI (CgHg)
25  3/,5',5-Cl,, 2-NO, 3,5-Cly” 5-Cl, 2-NO,’ B 90 181-182 81 CsHzCLNO, C,H
(aq EtOH)
26 3/,4,5'-Cl;, 2-NO,  3,5-Cl,"  4-Cl, 2-NO,* C 175 205-207 38 CiH, CLNO, C,H
(EtOH)
27  4,4',5'-Cly, 2'-NO,  4,5-Cl,,  4-Cl’ B 50 212-213 88  CysHeCL,NO, C, H, Cl
2-NO, (AcQH)
28 4/-Cl, 4,5-OCH,0—, 4-CI’ 4,5-OCH,0,” B 55 206-2017 70 CyH{,CINO; C,H,N
2-NO, 2-NO, (CH;)
29 37,4/,4,5-Cl,, 2-NO, 3,4-Clf 4,5-Cl,,’ B 50 184 47 CH,C1,NO, C, H,N
2-NO, (CeHy)
30 2,3,4',5'-Cl,, 2'-NO, 4,5-Cl,,)  2,3-Cl’ B 80 223-225 48 C4H,;C1,NO, C, H, N
2-NO, (AcOH)
31 2,3,4,5'-Cl,, 2'-NO, 3,5-Cl,,’  2,4-Cl B 55 197-198 76 CyH,CL,NO, C,H,N
2-NO, (C4Hy)
32 2,3,4,5-Cl,, 2/-NO,, 2-NO,, 2,3,4,5-CL,° B 80 230-232 87 CH,CL,F,NO, C,H, N
4'-CF, 4-CF,* (AcOH)
32a  2/-NO,, 3,5-(CF;),  2-NO 3,5-(CFy)' B 80 197-200 81 CyH,FeNO, h

(Et,O—petr ether)

“The é()mpouﬁdé in this féblé Wéfe rhadé v1a thé usu:';\l P;rkrin;ééctriéh (erfﬁé ) vt_)g;w"e-én tﬁe appropriate phenylacetic ac.id.s and benzalde-
hydes, at the listed temperatures, in the presence of EtzN (method A}, KoCOj3 (method B), or a mixture of K2CO3 and pyridine (method C).
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Table IV (Continued)

bAldrich Chemical Co., Milwaukee, Wis. ¢Analyses of the indicated elements were within £0.4% of theory except as noted. “Lit. mp 183~
184° [K. Schofield and T. Swain, J. Chem. Soc., 2393 (1949)]. eLit. mp 186-186.5° [P. Nylen, Ber., 53, 158 (1920)]. /L. C. Behr, J. Am. Chem.
Soc., 76, 3678 (1954). £Research Organic/Inorganic Chemical Corp., Sun Valley, Calif. #Used without analysis. ‘Distillation Products Indus-
tries, Rochester, N.Y. /B. Bogoslovskii and T. Yakovenko, Zh. Obshch. Khim., 24, 1043 (1954). *D. P. Spalding, H. 8. Mosher, and F. C.
Whitmore, J. Am. Chem. Soc., 68, 1598 (1946). ‘Reference 10. ™Reference 9. »N: caled, 4.14; found, 4.63. °Prepared from 3,5-dichloroben-
zoic acid (Aldrich) via the method described for 4-trifluromethoxyphenylacetic acid in .ref 9: mp 113-114° (ligroine). Anal. (CsHgCl202)
C, H, Cl. pL. Simet, J. Org. Chem., 28, 3580 (1963). 9Prepared in 46% yield by reduction of 2,3,4,5-tetrachlorobenzoyl chloride (B. W.
Nordlander and W. E. Cass, J. Am. Chem. Soc., 69, 2679 (1947)] with LATBH (Alfa Inorganics Co.) as described for the preparation of
3,5-bis(trifluoromethyl)benzaldehyde in ref 10: mp 106-107.5° (EtOH). Anal. (C;H2C1,0} Cl.

Table V. Phenanthrene-9-carboxylic Acids

Starting Yield,

No. material® Substituents Mp, °C (solvent) % Formula®
33 1 1-Cl 316-317 (AcOH) 64 C;H,Cl0,
34 2 2-C1 240-241.5 (MeOH)>*? 83 Cy5H,Cl10,
34 3 2-Cl1 240-241.5 (MeOH) ~® 12 C;H,Cl0,
35 3 4-C1 244-246 (MeOH)* 24 C;H,CI10,
36 4 5-Cl 276-278 (EtOHY 25 Cy:H,Cl10,
38 4 7-C1 273-274.5 (EtOH) 13 C4;H,ClO,
39 6 8-Cl1 188-190 (aq EtOH) 79 C,5H,C10,
40 7 2-Br 294-296 (C;H,—EtOH) 61 C,;H,Bro,
41 8 6-CH, 236-237 (AcOH)" 51 CyH{,0,

42 9 1,3-Cl, 307-310 (AcOH) 461 Cy5HzCLO,
43 10 2,4-Br, 266-268 (C4H,)! 70 C,;HyBr,0,
44 11 2,6-Cl, 253-254 (EtOH) 66 C;HyCL O,
45 12 2,6-Br, 267268 (dioxane-MeOH) 75 Cy;HgBr,0,
46 13 3,6-Cl, 287.5-288.5 (AcOH) 71 Cy;H;CL,0,"
47 14 5,7"C12 288 (C(;HG'"EtOH) 52 C15H801202
48 15 3-Cl, 6-OCH, 252.5-253.5 (AcOH) 47 CyH(,C104
49 18 1,3,8-Cl, 311-313 (dioxane—CzH,) 62 C;H,CL0,
50 17 6-Br, 1,3-Cl, 324-326 (dioxane—EtOH) 44m C4;H;BrCL,0,
51 18 1,3,6-Br, 338-339 (dioxane) 48 C;H;Br,0,
52 19 1,3,7-Cl, >300 (THF-hexane) 37 C,;H;Cl1,0,
53 20 2,3,6-Cl, 296-298 (EtOH-Me,CO) 60 C;H,;CL0,
54 21 6-Br, 2,3-Cl, 297-299 (Me,CO) 53 Cy;H;BrCl,0,
55 22 2,3,6-Bry 307-308 (dioxane) 51 CsH;Br;0,"
56 23 2,4,6-Cl, 291-292 (C H,—EtOH) 31 C;H,C1,0,
57 24 2,4,7-Cl, 294-296 (AcOH) 55 C;H,CL0,
58 25 2,5,7-Cl, 305-308 (dioxane) 50 Cy5H;C1,0,
59 26 3,5,7-Cl, 305-306.5 (CgHy) 70 C:H;C1,0,
80 27 3,8,7-Cl, 342 (dioxane) 41 C:H,CL0,
81 28 6-C1, 2,3-OCH,0— 305-306 (aq dioxane) 87 C,H,Cl10,
62 28 2,3,6,7"(:14 o C15H6C1402
63 29 2,3,5,6-Cl, 0 Cy;H,CL0,
84 30 1,2,6,7-Cl, 337-338 (AcOH) 51 C;H,CL,0,
85 31 1,3,5,7-Cl, 310 (EtOH—CgHy) 45 C,;H,CL0,
66 32 1,2,3,4-Cl,, 6-CF, 268.5-269 (AcOH) 55 CgH5CL F,0,
66a 32a 2,4-(CF,), 257-258 (AcOH) 817 Cy;H;F;NO,

@The nitrocinnamic acids (Table IV) were reduced with alkaline FeSO,4 (ref 9) and the resulting amino derivatives were subjected to
Pschorr cyclization without purification. All compounds were analyzed for C and H. °Lit. mp 233-234° (footnote d, Table IV). ¢The 2-Cl
derivatives obtained unambiguously from 2, and as part of an isomer mixture from 3, displayed identical ir spectra. “These isomeric acids
were separated by fractional crystallization from MeOH, the 4-isomer 35 being the less soluble fraction. /Isomer separation effected by
fractional crystallization from EtOH with the 5-isomer less soluble. Structural assignment was based on NMR analysis. £Lit. mp 291-292°
(footnote e, Table IV). ALit. mp 238° [R. Pschorr, Ber., 39, 3106 (1906)). ‘Also isolated was 3-(2’,4’-dichlorobenzylidene)-2-coumaranone, mp
182-182.5°. Anal. (C15HsCl203) C, H, Cl, O. /Used without analysis. #C: calcd, 61.88; found, 61.41. ‘H: caled, 3.87; found, 4.30. mIsolated as
a by-product was 3-(2’,4'-dichlorobenzylidene-6-bromooxindole, mp 262-263° (CgHs-petr ether). Anal. (C15HsBrCl:NO) C, H. N. *H:
caled, 1.52; found, 1.03. °The mixture of isomers (62 and 63) which resulted from the cyclization of 29 was difficult to separate and was
carried through to the bromoacetyl stage (Table VI).
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Tiible VI. 2-Pyridyl 9-Phenanthryl Ketones

Notes

Yield

No. Substituents Mp, °C (solvent) % Formula Analyses
67 Unsubstituted® 120-120.5 (EtOH) 52 CyoH3NO C,H,N
68 2-Br 164-166 (MeOH~-Me,CO) 30 Cy¢H1,BrNO C,H,N
69 6-Br 182-185 (EtOH) 42 CyoHy,BrNO C,H,N
70 6-CH, 164.5-166.5 (EtOH) 52 CyyH,sNO C,H,N
71 1,3-Cl, 202204 (C¢Hg-hexane) 42 CyH{;CLNO C,H,N
72 2.6-Cl, 194-195 (CgHg~hexane) 60 CyoHy4 C1L,NO C,H,N
73 2,6-Br, 214-215 (dioxane-MeOH) 68 CyoHy BryNO C,H,N
74 3,6-Cl, 205-206 (EtOH) 61 CyoH ;1 CLLNO C,H,N
75 5,7-Cl, 182-183 (CyHy) 25 CyoHy,CL,NO C,H,N
78 1,3,6-Cl, 215-223 (crude) 32 CyoHy,C1NO b
77 6-Br, 1,3-Cl, 226-234 (crude) 23 CyH{(BrCl,NO b
78 1,3,7-Cl, 208-210 (C4Hg—hexane) 26 Cy,H,,C1,NO C, H,N
79 2,3,6-Cl, 253-257 (CgHj) 78 CyoHCL,NO C,H,N
80 6-Br, 2,3-Cl, 273-276 (C¢He) 55 C,Hy;BrCL,NO C,H,N
81 2,4,6-Cl, 229-233 (EtOH~C4H;) 84 CyoH{,CL,NO ¢

82 2,5,7-Cl Indefinite (crude) 59 CyyH 1 C1I;NO b

83 3,6,7-Cly 242-247 (crude) 55 CyyH1,CLNO b

84 6-Cl, 2,3 -OCH,0- 240-241 (dioxane—hexane) 75 C,1H;»CINO, C,H,N
84a 1,2,3,4 Cl_i, 6~ CF& 178-183 (Crude) 50 C21H3C14F3NO b
84b 2,4-(CFy), 143-146 (crude) 24 C,,H;1F;NO b

aThe starting material, 9-phenanthroic acid, was made by heating commercial 9-cyanophenanthrene with agueous-methanolic KOH,
under reflux for 10 hr. ®?Used without purification. ¢Used without analysis.

Table VIIi. a-(2-Piperidyl)-9-phenanthrenemethanol Hydrochlorides®

CHOH'J\/Nj

Yield,

No Substituents Mp, °C (solvent) % Formula Analyses
85 Unsubstituted 282-283 (EtOH) 50 CyoHpCINO C,H,CLN
86 2-Br 303-305 (MeOH—-10% HCI) 48 CyHyBrCINO C,H,N
87 6-Br 320-322 (aq EtOH) 43 CyoHy BrCINO C,H,N
88 6-CH,4 302-303 (MeOH) 56 CyHy CINO C,H,CL, N
89 1,3-Cl, 320-322 (MeOH-10% HC1) 36 CyoHyoCLNO H;C?

90 2,6-Cl, >320 (MeOH) 56 CyyHoCL;NO C,H,N
91 2,6-Br, 309-310 (EtOH) 45 CpoHyoBr,CINO C,H,N
92 3,6-Cl, 298-300 (MeOH) 40 CyeHy0CLNO C,H,N
93 5,7-Cl, 312 (CgHg~EtOH) 76 C3oHyCLNO C,H,N
94 3,6-Cl, 339-342 (EtOH) 37 CyoH1sCL,NO C,H,N
95 6-Br, 1,3-Cl, 334-336 (dioxane—EtOH) 33 CyH3BrCI3NO C,H,N
98 1,3,7-Cl, 346-348 (MeOH) 41 C,,H,C1,NO C,H,N
97 2,3,6-Cl, 332-333 (MeOH) 62 CyoHy5C1,NO C,H,N
98 6-Br, 2,3-Cl, 340-342 (MeOH) 58 CyoHysBrCI;NO C,H,N
99 2,4,6-Cl, 324-326 (MeOH-10% HCI) 40 CyyHsC1NO C,H,N

100 2,5,7-Cl, 326-327 (EtOH) 36 CyoHy4C1,NO® C,H,C,N

101 3,6,7-Cl, 341-342 (EtOH) 68 CyoHy,CLNO C,H,Cl, N
102 6-Cl, 2,3-OCH,0— 315 (MeOH) 67 C,H,(CL,NO; C,H,N

103 1,2,3,4-Cl,, 6-CF, 316-317 (EtOH-10% HCI) 9 CyHy;Cl;FsNO C,H,ClL, N

104 2,4-(CF;), 330-331 (EtOH) 62 CypHyCLFNO C,H,F,N

aNo attempts were made to isolate the two possible racemates. °C: calced, 60.52; found, 61.20. ¢Analyzed as the hemihydrate.
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Table VIII. 9-Bromoacetylphenanthrenes
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COCH,Br

0

6 3

Yield,*®
No. Substituents Mp, °C (solvent) % Formula Analyses
105 1-C1 96-98 (EtOH) 88 CgH,BrCl10 C,H
1086 2-C1 97.5-98.5 (ligroine) 66 CygH(BrCIlO C,H
107 2-Br Indefinite CiGHmBrzo a
108 4-Cl 112-113 (ligroine) 74 CygH(BrClO C,H
108 5-C1 102-104 (EtOH) 62 Cy¢H;,BrClO C,H
110 6-Cl 125-128 (C.H,)’ 72 Cy¢H,BrClO
111 7-Cl 132.5-134 (CCly) 45 Cy¢Hy;BrClO C,H
112 8-Cl Viscous yellow oil 72 CyHyBrClO a
113 2,4-Br, 152-153 (C¢Hg-hexane) 45 CyHyBr;0 ¢
114 2,6-Cl, 168-169 (C¢H,-hexane) 82 CH,yBrCl,0 c
115 2,6-Br, 145-148 (CgHg—hexane) 39 CygHyBr;0 c
116 3,6-Cl, 150-152 (crude) 87 CgHyBrCl,0 a
117 3-Cl,6-OCHj; 159-160 (EtOAc) 87 Cy7H;3,BrCl10, C,H
118 1,3,6'(:13 179.5‘180.5 (CSHS—hexane) 86 CwHBBrClgO C, H
119 1,3,6-Br, 220221 (CgHg) 74 CgHgBr,O C,H
120 2,3,6'BI‘3 235-236 (CGHS) 73 C16H83r40 C, H
121 2,4,6-Cly 152-157 (crude) 57 C4HsBrCl1;0 a
122 2,4,7-Cly 164-167 (crude) 54 CgHgBrCl1;,0 a
123 2,5,7-Cl, 164-166 (EtOH-ligroine) 30 CH3BrCl1;,0 C,H
124 3,5,7-Cl, 169-170 (EtOH-ligroine) 61 C;H;4BrCl;,0 ¢
125 2,3,5,6-Cl,* 148-150 (CgHg) 17 CyH;BrC1,0 c
126 2,3,6,7‘C14d 202 (CGHG) 25 C16H7BrC14O c
127 1,2,68,7-Cl, 190-191 (crude) 66 CH;BrC1,0 a
128 1,3,5,7-Cl, Indefinite C,H;BrC1,0 a
129 2,4-(CF3), 100-103 (Et,O-—petr ether) 80 CgHyBrF,O ¢

eUsed without purification. °Lit. mp 126.5-127° (E. May and E. Mosettig, J. Org. Chem., 11, 441 (1946)]. Used without analysis.
?Jsomers 125 and 126 were separated by fractional crystallization from Et20 with 126 the less soluble isomer. Structural assignment was
based on NMR analysis.

Table IX. a-Bromomethyl-9-phenanthrenemethanols

CHOHCH,Br

26

6 3

No. Substituents Mp, °C (solvent) Yield, % Formula Analyses
130 2-Cl 175-177 (EtOH) 97 CyeHy,BrClO a
131 2-Br Indefinite CyHyyBr,O b
132 4-Cl 149-150 (EtOH) 93 CigH,BrClO a
133 5-Cl 138-141 (EtOH) 63 C1¢Hy,BrClO a
134 7-Cl 139-141.5 (EtOH) 91 Cy¢Hy,BrClO C.H
135 8-Cl1 Qil (crude) 90 C16H12BI'C10 b
136 2,4-Br2 172174 (aq EtOH) 90 C16H“Br30 C, H
137 2,6-Cl, 154-156 (CgHg—hexane) 76 CysH;BrCL,O a
138 2,6 -Br, 139-141 (C¢H;-hexane) 93 CigHBr;O a
139 3,6-Cl, 198-199 (EtOH) 100 CyHBrC1,0 C,H
140 3-Cl, 6-OCHj 173.5-174.5 (EtOH) 82 Cy;H,,BrClO, C,H
141 1,3,6-Cl, 181-182 (C¢Hg—hexane) 69 CysH,BrCl,0 a
142 1,3,6-Br, 195-200 (H,0 wash) 89 CeHy Br,;0 b
143 2,3,6-Br, 212-213 (aq EtOH) 84 CeHyBrO a
144 2,4,6-Cl, 170-174 (H,0 wash) 68 CeH,,BrCl1,0 b
145 2,4,7-Cl, 190-197 (H,0 wash) 40 CgHyyBrCL,0 b
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Table IX (Continued)

No. Substituents Mp, °C (solvent) Yield, % Formula Analyses
146 2,5,7-Cl, Indefinite 70 C1gHypBrClL,0 b
147 3,5,7-Cl, 170-172 (H,O wash) 90 CygHyyBrCl,0 b
148 2,3,5,6-Cl, 162-165 (H,0 wash) 100 CHgBrC1,0 b
149 2,3,6,7-Cl, 200202 (H,0 wash) 97 C¢HyBrCl1,0 b
150 1,2,6,7-Cl, 200-202 (EtOH) 70 CHyBrCl,0 “
151 1,3,5,7-Cl, 148 (C4Hg—hexane) 85 CH,yBrC1,0 a
152 2,4~(CFy), 120-125 (H,0 wash) 100 CsHyBrF0 b

aUsed without analysis. ®Used without purification.

Table X. «-(Di-n-alkylaminomethyl)-9-phenanthrenemethanol Hydrochlorides

CHOHCH,N(R),-HCI

Yield,
No. Substituents R Mp, °C (solvent) Method? % Formula Analyses
153 1-Cl Bu 97.5-99.5 (MeOH) B 34 CyH; CINO C,H,N°
154 1-Cl Hep 166-168 (Me,CO) B 25 C30H4;CL,NO C,H,N
155 2-Cl Bu 158-159 (Me,CO-Et,0) A 86 Cy,H;,CL,NO C,H,N
156 2-Cl Hep 153-155 (Me,CO—petr ether) A 40 C30H;3CLNO C,H,N
157 2-Br Bu 217-218 (C,H;~EtOH) A 41 Cy4HyBrCINO C,H,N
158 4-Cl Hep 136.5-138 (Me,CO-ligroine) A 40 C3oH,3CLNO C,H,N
159 5-Cl Bu 164-166 (CyHg—petr ether) A 36 CyyHy,C1,NO C,H,N
160 5-Cl Hep  122-123.5 (Me,CO-petr ether) A 33 Cy,H,5C1,NO C,H,N
161 6-Cl Bu 226—227 (EtOH) B 51 C24H31C12NO C, H, N
162 6-Cl Hep 187-188 (EtOH) B 22 Cy0Hy5C1L,NO
163 7-Cl Bu 212214 (MeOH-petr ether) A 58 Cy4H4CL,NO C,H,N
164 7-Cl Hep 141-143 (Me,CO-petr ether) A 32 C30H3CL,NO C,H,N
165 8-Cl Bu 4546 (CGHG_ligrOine) A 81 C28H38C1NOB C, H, N’d
166 2,4-Br, Bu 228-230 (aq EtOH) A 22 Cy4H;,Br,CINO C,H,N
187 2,6-Cl, Et 220-221 (MeOH-Et,0) A 41 Cy0H,C1,NO C,H,N
168 2,6-Cl, Pr 250-251 (MeOH-Et,0) A 62 CyyHyC1,NO C,H,N
169 2,6-Cl, Bu 244-245 (MeOH) A 52 Cy4Hy,C1;NO C,H,N
170 2,6-Cl, Am 235.5-236.5 (MeOH) A 46 Cy6Hy, C1,NO C,H, N
171 2,6-Br, Pr 249-250 (EtOH) A 30 CyHpBr,CINO  C,H,N
172 2,6-Br, Bu 249.5-250 (EtOH) A 31 CyH,yBr,CINO  C,H,N
173 3,6-Cl, Hep 187-187.5 (Me,CO) A 96 Cy,H,,C1,NO C,H,CL,N
174 3-Cl, 6-OCH, Bu 194-196 (EtOH) A 46 CysHy3C1,NO, C,H,CL,N
175 3-Cl, 6-OCH, Hep 147.5-148.5 (ligroine-Me,CO) A 40 Cy1H,5C1,NO, c,CLN; B
176 1,3,6-Cl, Et 263.5-265 (EtOH) A 20 CyoHy CLNO C,H,N
177 1,3,6-Cl, Pr 268.5-269.5 (EtOH) A 41 CyoHpsC1,NO C,H,N
178 1,3,6-Cl; Bu 267-267.5 (EtOH-hexane) A 18 CyH,y,C1I,NO C,H,N
179 1,3,6-Br, Bu 273-273.5 (EtOH) A 23 CyHyBryCINO  C,H,N
180 2,3,6-Br;, Bu 252-253.5 (EtOH) A 20 CyHyeBr,CINO  C,H, N
181 2,4,6-Cl, Bu 231-234 (C¢H,) A 22 Cp4H,3C1,NO C,H,N
182 2,4,7-Cl, Bu 250-252 (C¢Hj) A 41 Cy4HysC1,NO C,H,N
183 2,5,7-Cl, Bu 241-242 (Me,CO) A 46 C,4HyC1,NO C,H,N
184 3,5,7-Cl, Bu 224-225 (aq EtOH) A 50 Cy,HysC1,NO C,H,N
185 2,3,5,6-Cl, Bu 253-254 (EtOH~C¢H,) A 63 Cy4HysClsNO C,H,N
186 2,3,6,7-Cl, Bu 278 (EtOH-CgH;) A 42 Cy4Hy5C1sNO C,H,N
187 1,2,6,7-Cly Bu 254-255 (EtOH-2% HC1) A 54 CyHysClsNO C,H,N
188 1,3,5,7-Cl, Bu 264-265 (EtOH-CgHy) A 76 Cy4HysC1sNO C,H,N
189 2,4-(CF,), Me 263-264 (EtOH) B 40 C,yH;5C1FgNO C,H,F,N
190 2,4-(CF,), Pr 237238 (CgHg) A 54 CyyHaCLFNO C,H,F,N

aMethods A and B used bromohydrins (Table VII) and bromo ketones (Table VI), respectively, as starting materials. ®Analyzed as free
base. Lit. mp 184-186° (footnote b, Table VI). ¢Analyzed as the tartrate monohydrate. ¢Analyzed as the hemihydrate. /H: caled, 8.48;

found, 7.89.
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pounds have a 2-substituent in common and seven of them
are substituted at both 2 and 4. All seven, including the
best five (60-100% curative at 10 mg/kg), have at least one
other moiety at positions 6 and/or 7. Nine of the com-
pounds have R = 2-piperidyl although the most effective
derivative of all has R = CHoNPr,.

The difference between the compounds at the top of
Table II and the unsubstituted prototypes, added to the
bottom for comparison, is quite dramatic.

A number of our 9-phenanthrenemethanols were also
evaluated in the Plasmodium gallinaceum chick screen.
Although several were curative and most were active
(Table III), they were considerably less impressive in this
test than in the P. berghei screen (see paragraph at end of
paper regarding supplementary material).

Experimental Section!!

Details of the preparation of compounds 1-199 are given in Ta-
bles IV-X.

3,6-Bis(trifluoromethyl)phenanthrene-9-acetic Acid (194).
The reaction between 3,6-bis(trifluoromethyl)phenanthrene-9-car-
boxylic acid chloride (192) (from 5 g of the corresponding phenan-
throic acid and 50 ml of SOCly) and 800 ml of ethereal CHoN»
(from 42.5 g of N-nitrosomethylurea), carried out in the usual
manner,!? gave 4.5 g (88%) of the diazo ketone 193, mp 151-152°.
A solution of the latter (used without purification) in 60 ml of
warm dioxane was added, in a single portion, to a stirred mixture
of 6 g of Ag20, 9 g of NagS203, 15 g of NasCOs3, and 350 ml of HyO
at 40°. The mixture was heated under reflux overnight, filtered
hot, and allowed to cool. The resulting solid was crystallized from
HOAC to give 4.2 g (95%) of 194 as a white solid, mp 248-250°. An
additional crystallization from HOAc provided an analytical sam-
ple, mp 255-256°. Anal. (C15H10F602) C, H.

3,6-Bis(trifluoromethyl)-a-(di-n-propylaminomethyl)-9-
phenanthreneethanol Hydrochloride (199). 194 was converted,
via the usual sequence, to acid chloride 195 (93%, mp 154-156°),
diazo ketone 196 (not isolated), and bromomethyl ketone 197
(78%, mp 196-198°).

A mixture of 2 g (0.0044) of 197, 150 ml of {-PrOH, and 25 ml of
molten Al(i-OPr); was slowly distilled until Me2CO was no longer
evident in the distillate (ca. 5 hr). The solvent was removed under
reduced pressure and the residue was treated with 200 ml of 10%
HCI and extracted with Et;0. The extract was washed with 10%
K2COj3, dried (MgS0y), concentrated, and diluted with petroleum
ether (bp 20-40°) to give 1.65 g (83%) of the bromohydrin 198 as
pale yellow solid, mp 115-120°.

A mixture of 1.5 g (0.0033 mol) of 198 and 10 g of ProNH was
heated at 110-115°, under N, overnight, and allowed to cool.
ProNH-HBr was filtered and excess ProNH was distilled off under
reduced pressure. The residue was extracted with petroleum ether
(bp 20-40°) and the extract was evaporated to dryness. Treatment
of the residue, in Et20, with EtoO-HCI provided 0.9 g (54%) of 199
as white solid, mp 205-207° (MegCO-ligroine). Anal.
(C25H2sClFgNO) C, H, F, N.
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Supplementary Material Available. Table III which lists the
blood schizonticidal antimalarial activities of the phenanthrene
amino alcohols synthesized in this study against P. gallinaceum
(chick) will appear following these pages in the microfilm edition
of this volume of the journal. Photocopies of the supplementary
material from this paper only or microfiche (105 X 148 mm, 24X
reduction, negatives) containing all of the supplementary material
for the papers in this issue may be obtained from the Journals De-
partment, American Chemical Society, 1155 16th St. N.W., Wash-
ington, D.C. 20036. Remit check or money order for $4.00 for pho-
tocopy or $2.50 for microfiche, referring to code number JMED-
75-1011.
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