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The Syntheses of Phenanthrene Amino Alcohols as Antimalarials'
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A seriex of phenantlirene amiun alrohals has heen prepared and evaluated for antimalaral effects,
camponnds bear the aniinn aleahal an the 1 4 positian, respectively.

These
During the course of the synthesex, the

halogenation and pyrolytie dehydinhalagenation of the niethyl phenanthrene-1- and 4-carboxylates were studied.
The epoxide cleavage ut the varinux 1- and 4-phenanthrylethylene oxides with the amines eniployed often yielded

both possible izonteric aminn aleohals.

1ereast size e amine side chain fram Cy to Cynr Cr and inirn-
I8t ing the size of the ami ide chain fram Cy to €

ducing ring halogen ~ubxtitnent= iucreased the amimalarial activity.

New antimalarial agents are being =ought to combat
strains of malaria resistant to available drugs. During
World War I, a large number of phenanthrene amino
aleohols were prepared and many had a high level of
antimalarial activity, with a therapeutic index as high
as H3.4 reported.??  "The majority of these phenanthrenc
derivatives had the dialkylamino aleohol moiety at-
tached at either the 3 or 9 position;*™ noune was at
the 4 position.  The sole 1-phenanthryl amino aleohol,
2 - (n-diamylamino-1-hyvdroxyethyl)-9-bromophenan-
threne, had a therapeutic index nr 13.2,*1 We have
prepared a series of 1-phenanthryl amino aleohols
bearing H. CL or Br at the 9 position. and a series
of 4-phenanthryl amine aleohols bearmg H., CL or
Br on the 10 position {(see Scheme 1), All of these
compounds have exhibited antimalarial activity,

The two keyv intermediate phenanthrene-1- and phen-
anthrene--carboxvlic acids were prepared by =uceinyl-
ation of naphthalene ax deseribeid by Rutherford®
and Dixon,® et al.  The failure of 1.2-dihvdro-
phenanthrene-4-carboxylic acid to undergo esterifica-
tion in MeOH-HCI while 3.4-dihydrphenanthrene-1-
earboxylic acil was esterified readily under these condi-
tions permitted us to uze 3-1@-naphthoyl)propanoic
acid contaminated with as much as 2597 3-(3-naph-
thovl)propanoie acid.  We made the first purification
of the a 1somer from this reactinn by recrystallization
of the distilled Me ester trom cither NeOH or ~PrOH.

[t 15 noteworthy that dehvdrohalogenations of 9 10-
dihalo-9,10-dihydrophenanthrenes gave good vields of
9-halophenanthrenes  fram  1-carhoxviates, and  10-
halophenanthrenes from 4-carboxvlates.

Bromiunation nf the corresponding Me esters furnished
good vields of the expected methvl 9.10-di-bromo-
4,10 - dihydrophenanthrene-1-  aud  4-carboxylates.
From the pyrolytie dehyvdrobromination of methyl
9.10-dibromo-9.10-dihydrophen:mthrene-1-carboxylate,
methyl 9-bromophenanthrene-1-carboxyvlate was izo-
lated in approsimately 40¢7 vield.  Its strueture was
assigned from its nmr =peetrum. The volatile portion
of the crude pyrolvsis mixture wiaz shown by glpe
analyziz to be 159 methyl phenanthrene-1-carboxyl-
ate, 15% methyl 10-bromophenauthrene-1-carboxyl-

v This i Contribiation Nao A77 (loas 1ie Ariy Reseureh Prugram nn
Mularia, Tle iuvestigatiull was 1nlplaried nhider Cantract Na. DADA
17-68-C-8024, U. 2. Army Medira! Resexrrly alnl Develupinen: Culnmalil,
Repurr AL 843250L,  Direct ingairies ta ), W, 11)fflnan.

121 G R, Cuaatney. "Sarvey of Antioalariat Agents.” Public Health
Mubwgraph Nao 9, ja) p 220 fhe pp A %0 e 30 ol L0 Schaltz, MLAL
Colilherg, E. P Orlas, abd G, Caranli, J. (g, Cletn, 11, 330 11646,

i3) 1a1 K. G. Ruthierfonl aud M. 8. Newwuun. /. Amer. Chem. Sne,, 79, 213
d19aTy: iby oA, Dixel and D11 Neiswendder, JJ. (g, Chein.. 28, 49b
LG,

ate, and 609 methyl 9-bromophenanthrene-1-car-
boxviate. The nonvolatile portion, amounting
only 109 of the reaction mixture. was ahoui 1wi-
thirds  10-bromophenanthrene-l1-carboxyvlic acid il
me-third 9-bromophenanthrene-1-carboxylic acid.

The pyrolvtic dehydrobromination of methy: 9.10-
dibromo-9.10-dihvdrophenanthrene-4-carboxylate givs
an 8097 vield of a single isomer. Glpe analvsis «f
the crude reaction mixture showed about 1¢, methy]
phenanthrene-4-carboxvlate and <0.5% of another
product. the remainder being methyl 10-tromaphen-
anthrene-4-carboxyvlate. whose structure was assignel
from its nmr spectrum.

The chlorination of methyl phenanthrene-4-carboxyl-
ate gave an oil which could not be purified.  Dehy-
drochlorination experiments failed to furnizh an i~alable
product. However, the pyrolysis of 9,10-dichlaro-9.10-
dihvdrophenanthrens-4-carboxylic  acid vielded 10-
chlhrophenanthrene-t-carboxylic acid which waos nleu-
tified from it nmr spectrum.  Glpe analvsiz <hawed
that the pyrolytic dehydrochlorination of  methyv]
9,10-dichloro-9,10-dihydrophenanthrene- 1 - carboxylate
vielded essentially pure methyl 9-chlornphenarthren--
l-carboxyvlate, identified from its nmr spectrumn.

All of the phenanthryvlethyvlene oxides reacted with
<elected secondary amines to vield the tawrget com-
pounds.  Some of these reactinns at 160° or higher
(pos=iblv undesirable) gave two iomers. The solated
material was ntternn a mixture of the desired 1-car 4 Ueve
dialkylamino-1-hyvilroxvethyl) phenanthrene  \;
the unwanted - (or 4) (1-r-dialkylamino-2-hydroxy -
pthyhphenanthrene (B). The i=omerie enmpaositing
wasletermined by i

«

Oll
CHCHRNR, - HCL

Because snme of the target compounds were mixtures
of A and B, pure 1-(2-n-dibutylamino-1-hyilraxyerhyii-
phenanthrenc wuas prepared also by reaction of -
bromo-1-acetviphenanthrene with #-Bu.NH and sub-
sequent reductiott of the amino ketone with NaBH..
The yield by this route was comparable 1y that from
the epoxide, but the procedure was not reproducible.

The only I-phenanthryl amino alcohol ~creened
during World War IT was prepared by Schultz, ot al..
and identified by them as 1- (or 8)(2-n-diamylaminn-1-
hydroxyethyl)-9-bromophenanthrene.®  On the hasis
nf nmr analysis, the structure of methyl 9-bromo-
phenanthrene-1-carboxylite was assignel to the 1v-
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ScueMmE I
HCOCHWCOH 5 N:HeROH Phn-CO,Me
(I = 2-naphthyl) 3. (CtO?Et)? (Phn = 1l-phenanthryl)
(I. = l-naphthyl) —————> (Phn = 4-phenanthryl)
1. 20% HiS04
5 MeOH KOH

1. Xo KOH
Phn-1-C0,Me ——— 9X-Phn-1-CO;Me — Phu-CO.H
Phi-4-CO:Me 20 2 or
10X-Phn-4-CO,Me
(X = Clor Br)

) 20C1:
Phi-COH

Phn-COCH(CO,Et)s
1. EtOMgCH(CO:Et):

Bre HBr—HOAe
r——> Phn-COC(Br)(CO:Et ), __l

Phn-COCH,Br
Bre T

—————> Phn-COMe ———-
H:¥0~HOAe

Phu-COCH:CO.Et ).

(6]
NaBHs AN 1. HNR:
——> Phu-CHCH; ————>

Phn-COCH.Br

2, NaOH 2. HCiI
Phu-CH(OH)CH,NR, - HCI + Phn-CH(CH,OH)NR; -HCl
(0-33%)

rolyziz product from methyl 9,10-dihydro-9,10-dibromo-
phenanthrene-1-carboxylate, and methyl 9-chlorophen-
anthrene-l-carboxyviate to that from pyrolysis of
methyvl 9,10-dihyvdro-9,10-dichlorophenanthrene-1-car-
boxviate. The physical constants of the intermediates
from these two svstems are in general agreement
with those reported by Schuitz, et al.?d Thus, the
compound thev prepared was 1-(2-n-diamylamino-1-
hydroxyvethyl)-9-bromophenanthrene.

Experimental Section®?°

3-la- and 3-Naphthoyl)propanoic Acids.—These acids were
prepared by the method of Haworth.%=  The isolation procedures
were nindified franm thase of Robinson and Slateri®e and Wilds and
Close.

A well-stirred niixture of 2 1. of PhNO, and 900 g of AICl; was
coaled ta 20° in au ice bath. Starting at this temperature, 640
g 15> mni; of naphthalene and 320 g (3.2 mol) of suceinie anhy-
dride were added alteruately over a period of about 5 min. The
niixture was kept in an ice bath for 2 hr and then poured onto a
niixture of 6 kg of ice and 500 ml of concentrated HCl. The
niixture was heated to 80-90°, filtered, and allowed to cool to
30°. (Crude 3-18-naphthoyvl)propanoic acid was collected by
filtration.  The PhNO. layer of the filtrate was extracted with
200 g ! KoCOy in 4 1. of HyO.  The alkaline extract was washed

14 {ay ¥ W, Chaikin and W. G. Brown, J. Amer. Chem. Soc., T1, 122
£1949;. ‘b E. T. AlcBee and T. M. Burton, ibid., T4, 3022 (1952). (c) A.
Burger and E. Mosettig, 1bid., 86, 1745 (1934).

157 All melting points are uncorrected. The melting points of the inter-
mediales were taken on a Thomas—Hoover apparatus and those of the
plienanthrene amino alcohols on a Kofler hot-stage apparatus.

16l The nmr spectrum were taken and interpreted by (a) W. Simon,
Simon Research Lalioratory, Elgin, Ill. (b) W. W. Simons, Sadtler Re-
searci: Laboratories, Inc. (¢} M. Jankowsk!, Varlan Associates, Palo Alto,
Calif. Tlose spectra taken on a Varian A-60-A, 60 M Hz, spectrometer are
designated hy -+ and those taken on & Varlan HA-100D, 100 M Hz, spec-
trometer by <+ +. JMe3i was used as an Internal standard for all nmr
spectra.

(7) Elemental analyses were performed by the analvtical staff at Inter—
national Minerals & Chemical Corp. and Microtech Laboratories, Skokle,
1l

(8) Wiiere analyses are indlcated only by symbols of elements, analytlcal
resuits were within 0.4 of the theoretical values.

19; The dta and tga analyses were performed by J. Currler and E. Bilinski
of International Minerals & Chemical Corp.

(10; ta) R. D. Haworth, J. Chem. Soc., 1129 (1932). (b) A. L. Wilds
and W. J, Close. J. Amer. Chem. Soc., 68, 83 (1946). (c) Sir R. Roblnson
9 (d) M. Newman, R. Taylor, T.
Hodgson, and A. Garrett, J. Amer, Chem. Soc., 69, 1784 (1947),
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with CHC;, filtered, and acidified with HCl. The 3-(a-naph-
thoyl)propanoic acid was collected, air dried, and recrystallized
from 3 1. of CsHs to vield 290 g of & isonier, mp 120-127°, lit.10a—d
131-132°. The crude 3-(8-naphthoyl)propanoic acid was re-
fluxed with the CsH; filtrate fron1 above and filtered hot to yield
182 g (259,) of 8 isonier, mp 165-171° lit.lee=d 169-172°. The
filtrate was conceutrated to 1.5 1. aud cooled to yield an addi-
tional 110 g {total 400 g (537 )], mp 120-126°.

These acids were =ufficiently pure for the next steps.

Methyl 3-(a-Naphthoy!)propanoate.—A mixture of 95 g (0.42
mol) of ernde 3-(a-naphthoyl)propanoic acid (mp 118-130°)
and 500 ml of MeOH saturated with auhydrous HCI was refluxed
for 4 hr. The MeOH was removed nuder reduced pressure.
The remaining liguid was distilled to vield 71 g (70%) of methyl
3-(a-naphthoyl)propanoate, bp 138-175° (0.17 mm), lit.10d
bp 196° (3 mm). It was crystallized from -PrOH (10 ml/g)
and dried to yield 47 g 166 ), nip 36.5-37.5°. Anal. (Cis-
H:0:) C, H. No g isonier was detected by glpe in the product
melting at 36.5-37.5°.

General Synthetic Methods. --11- and 2-Naphthyl)butyric
Acids and Ethyl Esters.—Thexe camponuds were prepared iu
75-83% yield from1 the enrrespouding y-naphthoylpropionic
acids by the Hnaug-Miulon niodification of the Wolff-Kishner
reduction as described by Wilds and Werth,!!2 except that ethyl-
ene glycol was substituted for diethylene glycol. The corre-
sponding Et esters were prepared!!® in 83-909% vield by re-
fluxing with EtOH =zaturated with HCI gas.

Dihydrophenanthrene-1- and -4-carboxylic Acids and Methyl
Esters.—The syuthetic procedure nf Rutherford and New-
man® was modified by substitution of KO-t-Bu for KOEt in the
diethyl oxalate condensation to give the carboxylic acids in 80—
83% yield. Methyl 3,4-dihydrophenanthrene-1-carboxylate was
prepared by refluxing the acid!? in MeOH saturated with HCl
gas. Methyl 1,2-dihvdrophenanthirene-4-carboxylate was pre-
pared by methanolyxsis of the acid chloride, prepared with SOCl..

Phenanthrenecarboxylic Acids 1Table I). Method A.—Sapon-

TasrLe I
PHENANTHRENECARBOXYLIC ACIDS AND ESTERs
Recrystn A
R Method AMp, °C from yvield Formula
4-CO-;H A 170.5-172.0 Csng 100 C15H1002
1-CO.H A 232-234% EtOH 90 C3H00,
4-CO,Me B 81-84¢ MeOH 73 CisH0y
1-C02.\Ie B BESAL MeOH 81 C]5H1202

a Lit.%a 173.5-174.5°. P Lit.®» 234.7-235.2°. ¢ Bp 172-178°
(1 mm), lit.= mp 84-85°, lit. 1 L. F. Fieser, M. Fieser, and E. B.
Hershberg, J. Amer. Chem. Soc., 58, 2322 (1936)) bp 173.5-
174.5° (1 mm). ¢ Bp 142-145°10.077 mm), lit.’® mp 55-35.7°.

ification of the correspanding methyl esters in refluxing aqueous
109, KOH gave these acids in 90-100¢7 vield.

Method B.—Preparation folliwing the procedure described by
Rutherford and Newnian.

9,10-Dihalo-9,10-dihydrophenanthrenecarboxylic Acids and
Esters (Table II). Method A.—An equimolar amount of Bry
was added slowly to a couled =alntion or snspension of the acid
or ester i1 1:1 CHCL-Et:0). The resulting solid was slurried or
recrvstallized froni the indicaied solvent.

Method B.—The acid ar ester suspended in CH;Cl; was treated
with Clp at rooni temperature with stirring. As the reaction
proceeded, the sispended material dissolved. The solution was
clarified by filtration, the sulvent was removed, and the residine
was triturated or recrystallized fromi a suitable solvent.

Halogenated Phenanthrenecarboxylic Acids and Esters (Table
III). Method A.—These acids were prepared by hydrolysis of
the corresponding methyl exter with reflixing 5% aqueons KOH
containing 17¢; EtOH.

Method B.—The carrespouding 9,10-dihalo-9,10-dihydrophen-
anthrene-1- or 4-carbaxylic acid ar ester was heated in an oil bath
at the indicated temperature until acidiec fumes were no longer
evolved and poured into MeOH or CesHs, and the mixture was
cooled. The ernde product was collected an drecrystallized from
the indicated solveut. Inxonie casex, analytical samples were puri-

(11) (@) A. Wilds and R. Werth, J. Org. Chem., 1T, 1154 (1952). (b)
H. Adkins and E. Burgoyne, J. Amer. Chem. Soc.. T1, 3528 (1949).
(12) W. E. Baclimann and N. C. Deno. ibis,, T1, 3062 (1949).
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TasLe Il
O 1D-1D1RALO-9, 10-DIHY DROPHUN AN THRIEN KU ARBANY L1
Acius aNn Esrers

X X
S5
N R AMetlil Mp, 7O {lerr o i;l-l Formnla”
Br 1-COull An 170150 W CrillgBre).
Br 1-CO. 1 A 17221 S CralleBraOs
Br 1-CO.Me Al o125 N1 CrellaBraO,
Br 1-CO:M e A 120128 S CgllaBraO,
1 $-CO.H B 210 20 4 CLllLClo,
1 1-COud e B4 1At 1060 96 CildCLO,

“ Triturated  with CHCL.  * Hecrystallized  from  MeOUH.
¢ Tritrated with EtOH. ' Hecrystallized fram IHOH.  * Lases
HCT on standing at vaom emiperatiee. © Allimalyzed for ¢ and
1.

Tasre 111
HavocrNaten PHENANTHEENECABEBONYLLC
Actug AND Lisprus

N
Rerryell ‘e
AN R 3Merhind ST rolq yiehl Iorbradi”
el RCOF AL B 215817 Oyl 4 Callaliin:
-Cl 40011 1" 179181 MeDH 43 CplleBr(.
10-1r 4-CO:Me It 114.5-10i 3 MeOIl 81 CullalirOy
I-C1 1-COnMe 1! 1111167 AMeOll 71 CtlnClQy
-l 1-COH A 2912930 BtO1l 87 1R HWGBrO:
001 1-COH A aq4h 101 510710,
L-13r 1-C0O:Me 1Y 128151 Ul o3l Calin3roy’
u-C1 1-C0:Mle  It7 117147 Lo 38 Cull (107

“ Thermolysis 7" = 175°,
--0

malyzis 77 o~ 135°,

*Thernoly=ix I = 1011°. Ther-
I Thermlysix 77 = 123° < ‘Thermolysis
T = 220° " Bp 120-160° 0.1 e v Lic*t 291-292°,
BLacs 204-204°0 ¢ Staring maerind, 20 g 100wl of CsHs,
filter aud cool. 7 Frontmethnd B % All analvzed fin ¢ and 1.
P Rurneture veritied Ly nmr,

fled Ly =nblimation av rednced pressive. Dehivdrobramination
af the phenanthrene-1- and -4-carboxyvlie acids usnally resnlted
i extensive decompaosition.  These pyrolytic dehydrahalogena-
Han redetians were exantined by dta and tga analys The
temperntiures emplaved for the dehvdrohalogenations were in
wecardance with these finding=.  Dehydrobramination of the
methyl  9,10-dibrone-9, 10-dihy drophenanthrene-1- - il 4-car-
boxyvlates with a teriary awine vielded anly the earresprmding
nmethyl phenamhrene-1- aud 4-carhoxylates.

Method C.--The carrexponding acid chlovide, prepaved with
SOCL, was refluxed with excess MeOll after remaval of excess
SOCY. The MeOll was renmvel and the residine was distilled
and purified hy recry=tallization.

Phenanthroyl Chlorides iTable I¥).--The phenanthreue-
carhaxylic neid was stivred nnder reflux with approximately a six-
fld Tw/v) excess of SOCL far e, 2 hr. IExcess SOCL was
reitoved nnder reduced pressnre and 4-5 ml/g of CeHi wax
added 1o the residual il and remaved nnder redueed pressure.
After repetition nf thix pracess, a fivefuld excess of eyclohexane
wans added 10 the residie. Two-thirds of the evelohexane was
remaoved under reduced pressure and the resnlting ~olid phen-
anthimyl chloride was collerred.

Diethyl Phenanthroylmalonates (Table V). Method A.- -
These reactians were carried ont with diethyl ethoxymaguesium
malanate.  Inereaxing the diethyl ethaxymagnesium malonate
fram 1t 2 mal per mal of acid chlarvide had little effect an the
renclim,

i) 1L Go Walkerand C. R, Haaser, J. sLiner. Chen, Soc., 68, 13811 1 1946,

Vol 13

Toanne 1V

Foovasrmeoyn Chuvaraues 1 = COC]

N R Mp, “C vield I"brimnla wall
11 1 1N 50 1L C1O [
1014y ) 4 s HLBrC1Q
10-17] 1 g Cr11.ChQ
1 1 11, g1 R CaHWC10 o,
ST 1 Aa-14d S5 CullLnirCla o1
-] H 13-~ 16 44 Cr Ol .1

* Triturated  with vrlahexane. * These  cnuponuds were
used dlivertly for ahe preporaion of 1the carvespeading dierliyl
malontes,

Ty V
Dicriyn PHEN ANTHROY LA LON VTS = COCHACO
Heerysen ‘Y
N R Method AYITA Srinn vield Pty e,
11 1 A PR SO a2 Ce 11005 (NS
-1 1 o (G § SIS AN QN
-1 1t a i
1 Iooan [DITST) BT LA TR | PR Coi
H-10 ! \ A0 1o Y [P D URY LT IR PR G B
N 1 A 11O g4 e ClO, 1l

« These maverials were hydralvzed and decarlmxylared 10 the
civresponding acervl devivenives. * From methnd B,
uterthad AL

e

Method B. - Thix methnd empliyved the procedire iesrilied
Liv Olsen' isee alsa ref 14, 17).

Acetviphenanthrenes [ Table VI). - These cnupannds were pre-
pared by liyvdralysix and decarbnxyluion of the anvespanding
- and d4-phenanthrayl diethyhnalonares aecrding 1 the pra-
redire of Walker and 1insert?

T o V1
AviryneneNaNrageNes 1 = COCH;
Pervrysin ‘)
N 1 My, €0 e vield  Formali RETIE
11 1 RTRKY 30-151) ey 81 Cralled o
rther
=14y 1 ar -y Nl an Cllgim 111
10-( 1 $-98% [DECO RN wa 1 Cla [
u-1ar 1 1841861 CHLChe 21011 81 Ci g arQ
N 1 148, g-18n7 Sl i iyl ClQ
SLne Table 1 foonre e SO0 Y B 170 18D°

i g Crevstallized from 1OHD P By ISTASGE 200
b ¢ LG INSGE. Liv. ! 1001607,

«-Bromoacetylphenanthrenes (Table VIl;. Method A. - D1
was added 1a the diethyl 1-phenanthrovhualonate derivanves in
refluxing CHCL: ax dexervibed hy Olsen.  After an addivinnal
A0-min reflux, the =nbhuion wax washed (.0, 1007 Na.COy,
.01, dried and emcentvamell. The residne was panred inla
AOH fram which the malauntes <hown in Table VI were ali-
tained hy filiration.

The o-brimuo-1-phenandumyhunlonates were hvdinlyvzed wasd
deearboxylated accarding 1o the procedure nf Olsent Ly veyi-
nient wirth HOA«-HBr.

Method B.- - Thi: prmeednre, analngims tn that described 1y
May and Masettig, ' Sebuliz, ef ¢f,* ax well a= mauy nther in-
vestigntars, invilverl the AlCh-catalyzed addivin nf o CIICKL
<abitin ut 1 equiv ot Brein a solntian of the aceiylphenanthrene
derivative i1 2.0 m . 3% The precipiiated e-lnmnnarer vl
derivative was filtered and purified ax indicared.

Additian nf T equiv of Bre ta T-acetyl-9-hrmnaphenmahrene ar
reflux lefr a1 com=ideralile amonnt of <0lid.  Therefure Bra was
added until the snhnion rhdfied and remained red. The mix-
e was filtered to remsve a =mall ot of snspended waterial
and the filtrate was enaled. The =nlid obtained wax o a9~
iribromo-I-acetylphem birene, mp 142--144°, vield 860, A»nal.
{CisHBrsO) C, H.

P14 R. L 1Msel, Aernjer Genera) Cuarpe, Saevramvnu, Califs Privale
rinmnmunivation, Alpnilisheld resales.

{151 AL L. Wilds and 1. V. Benrk, J. Amer, Chem. Sne., 66, 1G88 {10441,

J1ar E. May aud B Muasettig, J. Grg. Chem,, 11, 10 (18461,
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TasLe VII
a-BROMOACETYLPHENANTHRENLES (I = COCH,Br)
X R Method Mp. °C Recrystn {from %% vield Formula Anal.,
H 4 B 91-95 EtOH 81 cleHuBI‘O C, H
10-Br 4 B 146-148 90 CisH10Br:0 C H
10-Cl 4 B 137-138 n-C.His 58 CisHiBrCIO C'H
H 1 AB 103-103 n-C7His 72,2 81b CigHuBrO C, H
9-Br 1 A 119-125¢ n-C7H15 g8 C15H10BI‘20
9-Cl 1 B 125.5-127.5 EtOH 86 CsH,0BrCl0O C,H
2 From niethod A. ? Frommethod B. ¢ Lit.24126-127°,
TasLe VIII Tasrr IX
DIETHYL o-BROMO-1-PHENANTHROYLMALONATES 0
X Mp, °C 9 vield Formula Anal. / \
H 118-120 73 CuH;oBrO; C, H PauNaxrtaryLeTHYLENE Oxipes (R = CHCH,)
9-Br 109-111 H6 CyHi5Br:0; C ' H Recrystn %
9-C1 75-78 46 CwH,5BrClO; Cl H X R Mp, °C from yield Formula Anal.
H 4 82-84 82 CisH:0 C,. H
Phenanthrylethylene Oxides (Table IX).—These compounds ig?f i ;?;:i?i 71:_12(7)}11{”& gi g,’ig,‘,’gfg g H
were prepared by reduction of the corresponding e-bromoacetyl H 1 135-137 95  CiHiO C. Hb
derivatives with NaBH., followed by treatment with NaOH, as (133)
described geuerally by Chaikin and Brown* and McBee and 9-Br 1 101-103 53 CiHuBrO  C, H
Burton.®® Iu caszes for which diglyme wa sused as solvent the 9-Cl 1 103-105 84 CsHuClIO  C H
reduction was earried out at room temperature and the diglyme @ Diglyme used as solvent rather than MeOH. ! Caled:
was rentoved at reduced pressure after treatment with aqueous C, 87.24; H,549. Found: C,86.81; H, 5.34.
TasLe X
ANTIMALARIAL AcTIVITY OF PHENANTHRENE 1- AND 4-AMINO ALCOHOLS
OH I}IRzo HCI1
(IZHCHZNthHCl CHCH, OH
A B
—~———Substltuents
Amino ~—Nmr analyses— Act
Halogen Aleohol Re Mp, °C R Yield, %° Formula? e A % B I MST®/
4 Cy 131-134 0.38 21 CaH3CINO 88 12 4.1
1 Cy 109-112 0.50 37 CuH3:CINO 86 14 3.3
1 Cs 98-115 0.50 33 CasHy( CINO 100 3.3
1 Cr 92-112 0.79 35 C3HCINO 100 13.9
4 Cs 131-134 0.62 35 CysHyCINO 67 33 5.7
4 C: 132-142 0.68 31 Cy»HyCINO 90 10 8.4
9-Br 1 Cy 179-181 0.37 69 CyHaBrCINO 100 4.9
9-Br 1 Cs 129-132 0.60 42 CisH3BrCINO 100 17.99
10-Br 4 C, 172-174 0.38 40 CyHu BrCINO 81 19 9.6
10-Br 4 Cs 32-135 0.76 47 CysH;3BrCINO 100 8.6
10-Br 4 C; 149-155 0.82 20 CyHsBrCINO 100 9.8
9-Cl 1 Cs 200-203 0.43 54 CyHyCLNO 100 3.7
9-Cl1 1 Cs 175-178 0.38 77 CHuCLNO 100 6.1
9-Cl 1 Cs 175-177 0.68 66 CosH;:CLNO 100 8.1
9-Cl 1 Cs 125-127 0.45 64 CosH3,CLNO 100 14.7
9-Cl 1 Cy 128-130 0.65 25 C3HuCLNO 100 14.0
10-Cl 4 Cy 175-181 0.59 42 CuyHaCLNO 100 10.1

2 All n-alkyl groups.

f Increase in niean survival time at dose
320 mg ‘kg; one cure. Two cures at 640 mg 'kg.

640 mg'kg.

NaOH at 5°. Other unsuccessful attempts at reduction em-

ploved NaBH: in EtOH, -PrOH, and methy! Cellosolve, and
LAH in ©-PrOH." All resulted in high recoveries of starting
material. LAH in THF gave an unidentified product from
a,10-dibromo-4-acetylphenanthrene.

Phenanthrene Amino Alcohols (Table X).—All the phenan-
threne amiio alecohols were prepared by reactiun of the epoxide
with the appropriate amiue as first reported by Horne and

(17) H. C. Brown, E. J. Mead, and B. C. Sitbha Rao, J. Amer. Chem. Soc..
77, 6209 (1955).

b Tlc on silica gel, developed with 19 MeOH in CgHs.
4 The C, H, and N analyses for all compouiids agreed with the indicated formulas 2-0.30%;.
dene, P. B. Russell, aud Leo Rane, J. Med. Chem., 10, 431 (1967).
At 320 mg/kg, all IMST <7.1, unless otherwise noted.
& Yield of free base.

Visualization with short-wave uv. ¢ From the epoxide.
¢ For details of test procedure see T. S. Os-
Test data supplied by Walter Reed Army Institute of Research.
o IMST = 16.9 at

Shriner!®s aud Headler, et al., ' and subsequently utilized by many
luvestigators. The procedure emploved is basically that of
Rice.’®e  Possibly a reaction temperature lower than that pres-
ently used (160°) would give better results.

With the higher boiling amines it was frequently necessary to
steam distil the crude produet to remove the remaining traces of
amille prior to niolecular distillation. Preparation of the hydro-

(18) (a) W. H. Horne and R. L. Shriner, tbid., 54, 2925 (1932). (b}
A. J. W. Headler, A. R. Collett, and C. L. Lazzell, ibid., 58, 1066 (1933).
(¢} Capt. K. Rice, U, 8. Army, WRAIR Symposiam, Nov 27, 1967.
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chlarides in Et,O was naally followed by recry=tallization from
eyvclohexane and nr CsHyo The te’> were drme 1 xilica gel.
They were developed in 907, Cylli-17) MeOH ar ~PrOH and
visnalized with uv light.  The A values were essentially the
<nine with either of these 1w develiping media.
4-(2-n-Dibutylamino-1-hydroxyethyl iphenanthrene Hydro-

chloride.~~A snhintion of 5.0 g D227 ml0f 4-phenauthrylethyl-
ene oxide in 35 mil of n-Bu. N1 was vefluxed av 1G0° far 16 hr,
The excess amine wasx renmverll ar redired pressive. The
residie was distilled al Prt-212% 01 nuny with o maleendar
still o vield 1.8 g 12370 inf 4= Zon-dilniv o= -livdnsverhyl-
phelmmhlene. Thix was dis=olved 200 ml of CeH and =<ati-
rated with HCL - The =nhuinn was vefluxeld finr 2 he wirth o Dean
Stark vrap. The Colls was renmwved mnder redneed pressire and
2060 ml of 260 was added v she oily ve<iilne. The solinion was
reflixed avernight and the <olid eolleel by filiatnn u vield
Iy g o oo o peodien, e TAL A4 saiens 120°%50 Anal,
FCu nCINOY CL ML N

The ne spectriun ™ of the poodier was axexpected and
wwpieal of these mnpaunds, ¢y § +CDCLY 0.850 1CH), 124
1CH., 162 (NCH.CH., B i NCHe o 606 (CHOLL), 7.35-5.07
iphenantlyl prammss, and su-x70 iphenanthryl 4 and 5 pro-
tons) pput Farmatiny of the free base Ly washing the CDHCL

Nitrones. 11.

Hyoex I INaa, Hespaw I

Hess & Clysk

SYarmn,? anp Rovawn [0

CDivision af Richiridson -

I Ky, Ho I Yakris, axp R Basupuny Vil id

subttion with aqueons NalHCOy vexulted it o <hift e UL pewsss
centered at § 3.00-2.70 ppin (peak at & .06 ppunc e Haan 2
ppm as well as o concentration-dependent =hifv in 1he CII
tan peaks to a dunbler uf doublets at § .26 pyn «CHOLT CLE,
NIui and s g aviplet at £.04 ppm CHICHLOMDNEL S Vi
mtegrating ratins uf these twa granps permmitted o anabys
the =mer sntent of the sample when the nndesirnble
was present. This wne analysix showed the prmdnet 1o b S8
snmer A and 1277 0t the nudesived isamer B isee Talide N

All of the aunn alenhals shawed =<ame authnalaral v
e, Only L-idepalihexyamina-1-hydmsyerhyl =o- 111-;1..1-11‘1.14'-
anthrene gave mwes 2 e nf 05 a0 G40 mg ke, This serns -
Leing extendedd o dachile addivial halngenmed i
threnes.
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a=(3=Nitro-2-furyl)-V-cycloalkyl- and -V-alkylnitrones

. Bassunry

Meveell I, Ashlomt, Olije LA807

Hereierd Seplombr 22, 146

A xeries af a-ta-nivra-2-fnevi - N-eveloalkvindtranes, V-hiey chalkyland N-hetemey dnalkyluitranes, and N -alk-

vinitroues were <y uthesized nnd evaliated as antibacterial, antifungal, md anticoceidial agents.
phenyl ring o e-:i-uitm-2-fluyvh-N-phenylnitrone! enhanced it aniibacterial activity.

cyvelohexyl maiety by Me 11
dixeri==ed.

In a previous paper,' the preparation and biological
activities of some a-(i-nitro-2-furvh)-N-arvinitrones
were reported. Thix paper deseribes an extension nf
this series to include analogs i which the N-arvl
group was replaced by cveloalkyl, bieveloalkyl, hetevo-
eveloalkyl, and alkyl groups.  Compounds 1-28 were
obtained m 6-939% vield by the reaction of J-nitrofur-
fural and the corresponding N-substituted hyvdroxyl-
amines either directly vr by lihm'-ning them in situ
from their HCI salts ws illustrated in eq 1. Physical
and analytical data for the nitranes are listed in Tables

and I, Compoundsx 15-17 and 22 were reported?
subzequent to nur work.

Direct interaction ot free lower N-alkyvlhydroxyl-
amines, ey, N-propvihvdroxvhunine, with 3-nitro-
furfural caused rapid decomposition of the aldehyde.
whereas treatment with eveloalkyl-, heteroeyecloalkyl-.

7., 30-32, and higher alkvlhyvdroxyvlamines, e.g., 33-39.
resulted in the formation ot the desired nitrones with-
out difficulty. In the case of 28, the reaction wax
carried out in an wjueous medinm containing base
to give the produet axit< Na =alt.

The N-substituted hydroxvlamines (Table III) were
prepared by diborane reduction of the corresponding
oximes according to I"euer. of al..* or by the cyanide-

111 For paper I, see H. . Kincand R 12 Bandbary, J, Med, Chem., 12, 710
< 196Y),

id1 Deceased May 11, 1968,

131 Dainippon Pharmaceutical 1 ¢, Lt.i., Writisli Pateut 1,105,007; Chem,
Abstr., 69, 86809 (1968).

741 H, Fener, B, F. Vincent, Jr., and R. 5. Hartlett, /. Org. Chen., 30, 1877
1H6a,

3 huther enhanced the autihacirerial activity.

Saturation of the
Heplacement of the
Strnewre-acetivity relationships are

I

J

+ HOHN—CH'(CH. —
0N 07 SCHO ~

1l.n=4R =H
2n=5R=U1
3.i=6R =H
4.n="R.=H
5n=1LkR. =H
R
| .
0N 0" SCH=N—CH (1.
l NS
(
6n=14R,=H
7.n=4:R,=1-CN
8. n=5;R,=2-CH

9.7 =5 R, = 20H

CH=N—R

14.R=

15-28 = CH—(CH.).—R.
-/ R



