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* Minimum inhibitory concentration is the lowest concentration of ccanpound that prevents visible growth of bacteria after 24 Ln

of inecubation. Es-2 = Escherichia coly, SaD-13
Ae-6

StB-12

Streptococcus agalactiae.

[t was chilled, diluted with Et,O, and filtered. Recrystallization
of the product from aqueous DMF (charcoal) gave 5 as yellow
needles, mp 174-175°, yield 8 g (23.5¢). Anal. (CieHiaN20;)
C, H, N. Ir showed a C=O0 stretching band at 1700 cin-
(COLEYL).

2-(5-Nitro-2-furyl)cinchoninamide (6).- -A solution of 59 g
(0.21 mole) of 3 in 455 ml of SOCI; was refluxed for 5 hr. Excess
SOCly was removed under reduced pressure and the residue was
poured cautiously into ice-NH4OH. The resulting mixture was
neutralized with HCl and filtered. Recrystallization of the residue
from aqueous DMF (charcoal) gave 6 as yellow microneedles
decomposing at 288-280° vield 22 g (38%¢). Adnal. (CisHeNOp)
C, H, N. Ir showed a C=0 stretching band at 1670 c¢m™'
(CONH.).
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As part of the current Army Research Program on
Malaria, we undertook the synthesis of some new
9-phenanthrenemethanols as potential, curative agents
agaiust the drug-resistant strain of Plasmodium falci-
parum. The basis for this investigation is given by the
fact that, during the search for effective antimalarials
during World War II, a number of simple a-(dialkyl-
aminomethyl)-9-phenanthrenemethanols showed signifi-
eant therapeutie effect against blood-induced Plasmo-
dium gallinacewm malaria:® particularly outstanding in
this class is 6-bromo-a-(diheptylaminomethyl)-9-phen-

(1) T'his work was supported by U. 8. Army Medical Research and Devely-
et Command, Contract DADALT-67-C-7144. Contribation No. 515 to the
Ariny Research Program on Malaria.

(2) (i, R. Coatney, W. (", Cooper, N. B. Eddy, and J. Greenberg, "Sucvey
of Antimalarial Agents,” 1’ablic Health Moiogcaple No. 9, U. 8. Goverameat
Priyting Oflice. Washingtoi, 1), (', 1055,

Salmonella typhosa, Ps-10 = Pseudomonas aeruwginosa, Pr-12
Aerobacter aerogenes, Er-4 = Erysipelothriz insidiosa, Mi-12
> The Norwich Pharmacul Co. strain number.

Proteus valyaris,
Staphylococcus aurens, StA-1 = Streptococens pyogenes, and

anthrenemethanol.”  The work here deseribed is con-
cerned with the preparation of some simple (uusub-
stituted)  9-phenantlireneimethanols  with novel  side
chains, most of which contain certain funetional groups,
as shown in Table 11,

Chemistry.—- The route* I — 11 — 111 was suceess-
fully applied for the preparation of the target compounds
7. 8. and 10, in which the intermedinte ketones (2 and 4)
were isolable. 1 good yield, as stable. erystallive com-
pounds (Table I). With other secondary amines. the
route was unsatisfactory, resulting in failure to obtain
the correspouding amino ketones? (IT), either as the frec
bases, or ax their HC salts. The conversion of 1 into

N

o,

I, N\ = COCH,Br
11, N = COCH.NRR'
111, N\ = CHOHCH.NRR'
IV, X = CHOHCH.Br
V.N = CH CH.

()

I was also complicated by disparities in the basicities
of the various anines emnployed. Whereas, for exainple,
diallyLunine (pk, 9.3) and N-(2-hydroxvethyl)-
cyelohexylamine (pK, 10.1) reacted rapidly with I.
the reaction with  N-(2-cyanoethyvl)eyclohexylamine
(pK, 8.2) was sluggish and incomplete.  As an
alternative procedure,® the latter amine was treated
with the bromohydrin IV to give the desired methanol:
llowever, it was discovered that the epoxide” V., formed
during the conversion, was the reacting species.  When
treated dircetly with the oxide V, the secondary amine
reacted only when a proportion of its HBr salt was
present.  For preparative purposes, it was 1nore
convenient to prepare 12 from IV, in which the HBr
salt was genernted vn situ. In contrast, N-(2-hydroxy-
ethyleyelohexylamine reacted readily with V. without

(3) E. L. May qwod E. Mexectig, J. Org. Chem., 11, 627 (1046).

4) E. L. May and E. Mosettig, ¢btd., 11, 10 {1946).

(3) T. L. Jacoles, 8. Wiigsceiar, J. Ralls, J. H. Robson, R. B. Hendersoi. R.
Akawie, W. Morsleim, D. Seyvwour, wud € Seil, 2bid., 11, 21 (1046).

(6) 8. Winsteir. 1. L. Jueobs, R, B. Hewderson, and W. H. Florshein, hid.,
11, 150 (1946).

(7) W. G. Duaean, W. T, Colwell, €7, R. Scott, ard D. W. Henry, J. Med.
Chem . 11, 122 ¢ OGE",
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TaBLE 1

DISUBSTITUTED AMINOMETHYL 9-PnENanNThryL Ketones (II)
COCH,NRR'

©©©

No. R R/ Form Mp, °C Yield. %, Solvent of crystn Formula Analyses
i CH.,CH=CH. CH.CH=CH. HCI salt 127-129 50 THF-MeOH-Et:O CHxCINO N;CeH2ACI
2 CH.C=CH CH.C=CH Base 89-90 90 THF--PrOH-MeOH
A HCI salt 161-162 79¢  MeOH-THF-Et,O CapH,sCINO C H,C, N
4 CH,CH:CN CH,CH.CXN Base 90-91 71 MeOH—-PrOH
5} HCI salt 179-180 82 MeOH-THF-Et:0 CooH o CINO C, H, C, N
6 CeH]] CHQCH}OH Picrate 152-158 54 EtOH CaoH30X409 H, N, Ce

@ C: caled, 75.07; found, 74.20. ®H: calcd, 6.30; found, 6.72. © Cl: caled, 10.08; found, 9.19. ¢ Based on crystalline, free ketone.

¢ C: caled, 60.27; found, 60.99.

TasrLe 11
a~( DISUBSTITUTED AMINOMETHYL)-9-PHEN ANTHRENEMETHANOLS (IIT)
CHOHCH,NRR'

QO

Q

No. R R’ Form Mp. °C Yield. % Solvent of crystn Formula Analyses

7  CH.CH=CH. CH,CH=CH, HClsalt 152-157 39 MeOH-THF-Et;0-  C»H»CINO  C H, C, N

pentane

8 CH.C=CH CH.C=CH Base 108-109 84 MeOH—-PrOH-H,0O CoH sNO C, H N

9 HClsalt  120-130  $6° THF-MeOH-Et,0 CuHuCINO G, H, CL N
10 CH.,CH,CN CH.CH,CN HC]J salt: 133-136 60 MeOH-THF-Et,0 CaH,,CIN;O C H,C, N
11 Can CH2CHQCN Picrate 176-180 25 THF—l\rIEOH Cg]Hg]i\vaOg C, H, N

12 HClsalt  116-120, 90> MeOH-THF-Et.0 CuHuCIN.O  C, H, Cl, N

150-158
13 CsHu CH‘ZCHQOH Picrate 112—128 80 THF—A\’IEOH CgoH32X4OQ' C, H, ;v
H.0O

14 HCl salt Amorphous 97 CysH3CINO, C H,Cl, N
15 CH‘ZCHQCOOH CH‘ZCH‘ZCOOH Dipolar ion 176—178 39 H‘ZO CmHggNOs C, H, N

16 CH‘ZCH‘ZCH‘ZNHZ CH‘ZCH‘ZCH‘ZNHQ 3HCI” 200-210 55 AbS EtOH—EtQO ngHgQClgNgO C, H, Cl,d Ne

@ Based on crystalline 8. ® Based on picrate. ¢ Extremely hygroscopic. ?Cl: caled, 23.09;found, 22.52. ¢N: caled, 9.12; found, 8.07.

catalysis. Acid-catalyzed hydrolysis of a-(dipropio-
nitriloaminomethyl)-9-phenanthrenemethanol hydro-
chloride (10) gave the bis(2-carboxyethyl) derivative
(15) as the dipolar ion; reduction® of 10 with NaBH.
AlCl; afforded «-[bis(3-aminopropyl)aminomethyl]-9-
phenanthrenemethanol, obtained ecrystalline as the
trihydrochloride salt (16).

Biological Activity.—All amino ketone hydrochlorides
(Table I), all target phenanthrenemethanol hydro-
chlorides, 15 (Table II), 2 ketoxime, and bromohydrin
IV have been submitted for screening. Available
screening results disclose that 1, 3, 5, 7, 9, 10, 15, and
IV showed no significant antimalarial activity against
Plasmodium bergher in mice,? and that 3, 5, 10, IV, and
2 ketoxime were likewise ineffective in suppression of
oocysts or sporozoites of P. gallinaceum in the mosquito
test.10

Experimental Section

Melting points were determined with a Kofler hot stage and ir
spectra were recorded with a Perkin-Elmer Model 457 spectro-

(8) H.C. Brown and B. C. Subba Rao. J. Amer. Chem. Soc., 78, 2582 (1956).

(9) T. 8. Osdene. P. B, Russell, and L. Rane. J, Med. Chem.. 10, 431 (1967).

(10) E. J. Gerberg, L. T. Richard, and J. B. Poole. Mosquito News, 26. 359
(1966).

photometer. Analyses were performed by Galbraith Laboratories,
Knoxville, Tenn. Dipropionitriloamine (Eastman) was pur-
chased from Fisher Scientific Co., Houston, Texas; diallyl- and
dipropargylamines and 9-acetylphenanthrene were purchased
from Aldrich Chemical Co., Milwaukee, Wisc.; and N-(2-cvano-
ethyl)eyelohexylamine and N-(2-hydroxyethyl)evelohexylamine
were furnished gratis by Abbott Laboratories, North Chicago,
Ill. Where analyses are indicated by symbols of the elements,
analytical results obtained for these elements were within 0.4,
of the theoretical values.

Amino Ketones (II). General Method.—To a solution of
1 mmole of w-bromo-9-acetylphenanthrenet (I) in 1 ml of an-
hydrous THF was added 5 ml of Et:0, and to this was added
3 mmoles of the secondary amine. The mixture was stirred for
18 hr under exclusion of moisture, the separated HBr salt of the
secondary amine was filtered off and rinsed well with Et.0, and
the filtrate was evaporated to dryness under diminished pressure
at 25°. Ketones 2 and 4 were obtained directly from the syrupy
residue by crystallization (Table I).

Amino Ketone Hydrochlorides (1, 3, and 5). General Method.
—For crystalline 2 or 4, the product was dissolved in a small
volume of THF and a calculated amount of HCI in Et,0 was
added. The precipitate that formed was filtered off and recrystal-
lized as given in Table I, affording either 3 or 5, respectively.
Similar treatment of the syrupy diallylamino ketone, obtained by
the preceding method, gave an oily product (1); therefore, the
solvents were evaporated and, from the resulting syrup, crystals
were obtained from the solvent mixture shown in Table I. Pure,
hygroscopic 1 was secured only after repeated recrystallization.

Picrate (6).—N-(2-Hydroxyethyl)cyclohexylaminomethyl 9-
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phenanthryl ketone, obtained as an impure syrup by the
general method given (vide supra) for 3 mmoles of I, was dissolved
in 40 ml of absolute EKtOH containing 3 nimoles of picric acid,
crystallization being complete after 3 days.

Dipropargylaminomethyl 9-Phenanthryl Ketoxime,—A mixture
of the amino ketone (2) (1.224 g, 4 mmoles) and HONH,.-HCI
(840 mg, 12 mmoles) in 10 ml of absolute XtOH and 5 ml of dry
pyridine was refluxed for 2 hr. The mixture was transferred to
a small beaker, H.O was added to incipient turbidity, and the
beaker was left in the open for 3 hr. The resulting crystals were
filtered off, and four recrystallizations from EtOH-H,O gave
pure oxime; yield 261 g (209;), mp 159-160° Anal
(CxH1sN,0) C, H, N.

9-Phenanthrenemethanols (III) »i¢ Amino Ketones (II).
General Method.—To 4 solution of 4 mmoles of either 1, 2, or 4
in 30 ml of THF and 175 ml of +-PrOH was added 152 mg (4
mimoles) of NaBH,, and the mixture was stirred for 18 hr under
exclusion of moisture. MesCO (30 mil) was added, the solvent
wuas evaporated under diminished pressure, and the residue was
coevaporated three tines with 30-ml portions of MeOH. For 7
and 10, the residue was dissolved in 30 mnl of CHCls, and the
solution was washed with two 30-ml portions of HiO and then
dried (Na.SO4). It was filtered, and the solvent was evaporated
under dininished pressure, leaving a syrupy residue that was
dissolved in 15 ml of THF. A calculated aumount of HCI in
I:t,0 was added, the mixture was evaporated to dryness, and
the products were crystallized as indicated in Table IT. Com-
pound 8 wus obtained as a crystalline product without prior
conversion into its hydrochloride (9), which could be prepared
from 8 in a manner similar to that for 7 and 10.

a-{ Bromomethyl)-9-phenanthrenemethanol (IV).-—To a solu-
tion of 12 g (40 mmoles) of I in 120 ml of THF and 480 ml of
MeOH, precooled to 3° was added, with stirring, 1.526 g (40
nnnoles) of NaBH,, in small portions at intervals of 2 min, the
addition being complete in ea. 15 wmin. The mixture was stirred
for 1.5 hr at 5-10° and then warmed to room temperature. The
niixture was transferred to a 3-1, beaker, HyO wag slowly added,
with stirring, to give a total volume of 2.5 1, and the beaker and
contents were kept in a well-ventilated liood for 3 hr. The result-
ing precipitate was collected and recrystallized from THF-EtOH.
giving 0.11 g (735 of IV, mp 153-154.5° von® 3610 ¢!
(CHOH), ¢ 0.30 on silica gel DF-5 (Camag) with 1:1 CHClz-
benzene. Anal. {(C,HsBrO) C, H, Br.

9.(Epoxyethyl)phenanthrene’ (V).-——To a suspension of 2.11 g
(7 mmoles) of IV in 90 mnl of absolute MeOH, precooled to 0°,
was added 300 mg of Na, in sinall pieces, with stirring. The
mixture became clear in 12 min and was kept at 0° for an addi-
tional 15 min.  The solvent was removed under diminished pres-
sure at 25 ° the residue was suspended in 100 1nl of H,O, and the
suspension was extracted with two 150-ml portions of Et.O.
The extract was washed (H;0), dried (N2.80,), and filtered, and
the filtrate was evaporated under dininished pressure at 25° to
a colorless syrup, homogeneous on tle: »50¢ 1260 (weak), 200,
and 830 ¢m~! (epoxide). An absorption band at 3610 cm™?
(CHOH) was absent. The product V was identical (ir and tle)
with a sample prepared fromi 9-phenanthrenecarboxaldehyde by
the method? of Duncan and coworkers.

o-|N-(2-Cyanoethyl)cyclohexylaminomethyl]-9-phenanthrene-
methanol Picrate (11) and Hydrochloride (12).-—A mixture of
4.82 g (16 mmoles) of IV and 14.6 g (96 mmoles) of N-(2-cyano-
ethyl)eyelohexylamiue was heated at 77-81° in a dry atmosphere.
After 43 hr, the mixture was cooled and extracted with 100 ml
of 1:4 CHCl;—Et,0, und the extract was filtered. The filtrate was
evaporated to a syrup, which was stirred with 100 ml of 1 M HC],
and the supernatant liquid was decanted. The residue was dis-
solved in 250 il of CHCly, and the solution was washed [1 M HCI
(100 ml), H:0 (100 ml), 19, aqueous NaOH (100 ml), H)O (two
100-ml portions)]. The CHCl; solution was dried (Na.S04) and
filtered, and the filtrate was evaporated under diminished pressure,
leaving a syrupy residue that was dried for 24 hr in a vacuum
desiceator (P:Os). The dried syrup was dissolved in 20 ml of
THE, a hot solution of 3.66 g (14.3 mmoles) of picric acid in 100
ml of MeOH was added, and the mixture was heated, with stirring.
to remove most of the THF, whereupon the picrate (11) began to
crystallize.

The picrate (11) (2.4 g) was suspended in 250 ml of CHCl; and
the suspension was shaken in a separatory funnel with 120 ml of
1¢% aqueous NaOH. The CHCI; layer was extracted with two
75-1inl portions of 1¢5 aqueous NaOH and two 75-ml portions «f
H.(), dried (Na:80y), filtered, and evaporated under diminished
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pressure at 30°. The residue was dissolved in 15 ml of T,
and 1.8 ml of 2.26 M HCl in Et.0 was added. Ilt:O was added to
incipient turbidity, inducing crystallization, with additional
It:0 being added, in small volumes at intervals, until erystallizi-
tion of 12 was comnplete.

a-[N-(2-Hydroxyethyl)cyclohexylaminomethyl]-9-phenan-
threnemethanol Picrate (13) and Hydrochloride (14).--A mixture
of 1.5 g (7 mmoles) of Vand 6.02 g (42 mmoles) of N-(2-hydroxy-
ethyDeyvelohexylamine was heated at 78-82° for 24 Lo, with
oceasional stirring.  The mixture was dissolved i 200 !l of
CHCls, and the solution was washed [87, HCI (three 100-ml
portions), 190 NaOH (100 ml), HO (two 100-ml prticmsif.
The CHCI; layer was dried (NazSO,) and filtered, and the filtrite
was evaporated to dryness under diminished pressure at 307,
leaving a vellowish syrup, which was dissolved in 20 1l of T},
followed by the addition of 1.77 g (6.9 nunoles) of picric acid in
75 ml of hot NeOH. The mixture was heated, with stirring,
to remove most of the THF, wherenpon crystallizaticar of the
picrate (13) commenced.

The picrate (13) (3.42 g, 5.6 mmoles) was suspended in 220 nl
of CHCl; (separatory funnel) and shaken with 100 wl of 1+
aqueous NaOH, until dissolution was ccanplete.  The ClHCl,
laver was washed [19 aqueous NaOH (two 50-ml partions),
H.O (two 50-ml peetions)], dried (Na:2804), and filtered.  The
filtrate was evaporated to dryness under dimminished pressure nt
30°, the resulting elear syrup was dissolved in 15 mi of dry THI,
and 3.1 ml of 2.26 3 HCl in Ft,0 was added. The mixture was
evaporated under diminished pressure at 30°, leaving the hydvo-
chloride (14) as a white foam, which was dried in & vacnum
desiccator (P:0s) for 24 hr.

«-[Bis(2-carboxyethyl)aminomethyl]-9-phenanthrenemethanol
(15).——A suspension of the methanol hydrochloride (10) in 8 nl
of 9 W HCI and S ml of p-dioxane was reftuxed in an oil bath
(105°) for 4 e, The dark brown mixture was cooled, sufficient
109, aqueons NaOH was added to make it alkaline, and the
resulting mixture was heated to $0°. Tt was then filtered with a
little Darco (=60 decolorizing carbon, the pH of the filtrate was
adjusted to about 4 with 1 A7 HCl, and the mixture was kept
overnight at room temperature. The separated produect 15 was
recrystallized by acidifying an alkaline solution to pH 3-4.

«-[Bis(3-aminopropyl)aminomethyl]-9-phenanthrenemethanol
Trihydrochloride (16).~To a solution of 2.3 g (7 mmoles) of
10 in 10 ml of purified Diglyme was added 50 il of 1 M/ NaBH,.
To this mixture was added (dry box) 6.6 g (15 mmoles) of AICI,,
in small portions with stirring. 8tirring was continued for 2 hr,
H.0 {25 mnl) was carefully added, with stirring, and the mixture
was made alkaline with 10¢, aqueous NaOH. I was then
extracted with CHCl; (three 100-mil peations), and the CHCL,
extracts were combined, washed with H.O (150 ml), and dried
(Na:80y). The solution was filtered, and the filtrate was evapo-
rated to dryvness under diminished pressure as 357 leaving a
residue [v520" 3610 (OH), 3390 (asym NH), and 3315 em™!
(sym NH), which was dissolved in 20 ml of THE. To this was
added 10 ml of 2.24 1/ HCl in Et,0, followed by the addition of
50 ml of F1.0. The resulting precipitate was filtered off inside
a dry bax, in which stibsequent reerystallizations were performed.
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We have previously reported on the design and
synthesis of novel grisan and coumaranone derivatives
anticipated to exert insect repellency following systemie
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