and 9; only 8 gave the corresponding acetonide whieli
showed eharacteristically inereased Ry values on tle, and
the chemieal shift value of the 18-CHj of 9 wux smaller
than that of 7.

The 16-ketosteroid 4 was synthesized from 2 which
Las been previously deseribed, through o three-step
sequence ipvolving mild hydrolysis of the isopropyli-
denedioxy group, followed by oxidation of the resulting
163,178-glveol 3 with ecold dilute Jones reagent. The
Ho-ketosterold 4 obtained was 1 glassy solid as obxerved
with the uriny metabolite, their i spectrnt being
=tiperinmposable.

Experimental Section

All melting points were taken with o miem Ineliing pomi
apparatns ulid are imeorrected.  The i datn were obtained on o
Nitachi spectropholameter.  Ninr =pectin were determined on a
Virian TTA 100 <pectrometer in CHCL ustug TS ax al interial
stabdiard.  Blemental analyses are indicated only by svinbols
of 1he elements, and analvtieal residix olpained were within
=049 of the thearetical valnes.

3w 16a-Diacetoxy-53-androstan-17-one i11).- -1’0 a cold soli-
tiolr of 10 75 g) i AcOH (30 ml) was added drmpwise w enld
mixtnre o AcOIT and 60¢, HClO, 501wl After 5 iy 1he
renclion mixire was diluted with 11,0, washed (3¢, NaHCO,»,
and dried (NwaxOg). Evaporation of the solvell gave a solid
which was reerystallized from =Pr0 to vield 5.8 g (7691 of 11:
mp 13-104° AEY 1747 1244 e o D98 06 11, <5, 2.05
1L s, 2 G T sy 4071 L L seprers, 339 ppm o 1L d, o =
Ton Anal 1Cal050 €, TH

17a-Methyl-53-androstane-3«,164 17 3-triol 16 ). - Componnd
11 3.5 g) was trealed with 3.6 eqniv of MelMgl i ab< 60 1
the nsnal manner.  The cmde produet owbhtained <howed two
spots al Ry valnes of 0.55 and 0.31 on =ilica gel tle obtained in
Culle-1tOAe (1:25 The mixinre was theh resolved on a silien
gel colnma nxing CeHle-MeAe (4011 ax an elvent; componnd 6,
the lower 2p matertal, was obtained ax the =ecand ehute in 2.1
g 17300 vield after elntiom of the higher /7y muteriad and re-
ervstallized from MeO1l: np 220-221°0 207 3416, 1058, 1039
em s Adnal, (CyHayOn) C, H mmr of diacetate 70 singlets
Gy ITnar 084 (13-CTLy, 097, LY, 2004, 2012, <eptel (1 Hi ol
4,74, doublet (111, J = 9) at 5.02 pplr.

173-Methyl-53-androstane-3«,164,17a-triol (8). —Componnd 8
wis vhlaned i 0.6 g (2101 vield ax the first ehiue from the
eolnnm mentioned above and reerv=tallized fram MeAce-NeOIf:
mp 241-242°0 A nel, (CoyHaOn) C, 1 v of dincetnte 9: singlets
(5 1t 0.72 (13-Cly), 0.035, 116, 2.05, 2,13, nltipler 2 Hj ad
4,99 ppln,  Treatinent of 8 with neetone coltaining a eatalylie
amonnt of HCIO, (1 drop of the 60¢, acid to 10 ml of MeAe:
merensed it= /7 value from 031 1o 0.72 v tle obtamed as meh-
toned nbove, while 6 sllowed the vnchanged e before nnd
after the same trealment.

3w,173-Dihydroxy-17«-methyl-5;3-androstan-16-one (4).— A
snxpeasioh of finely pulverized 2¢ (2 g) in a mixture of 3.V HCI
1A ml), MeOI1I (50 wml), und acetone (100 nl) was refinxed for 2
Lr. The reaction mixture, which turned into a homogenons
solntion, was uventralized (Nal1C'0y) and filtered.  The crude
product bhtwined v evaporation of the =olvent from the filtrale
wax reelyslallized from MeOH-AcMe to give 3 in 1.2 g {661
vield: mp 245-247°; AEPT 0521 16us, 1284, 1073, 1056, 724,
19 em~ Anal, (CorllO0) €, H. Componnd 3 (1.2 g) was
dissolved in a mixture CeHg-AcMe 11:2: 50 mil), cooled at —3°,
and rented dropwise nhder sthriag witlt o cooled and diluted
Jolies reageny, consisting of 160 mg of CrQ);, 1 ml of H.0, 0.1
ml of 11,80, and AcMe to make a finad volunte of 10 ml. - After
10 i, he reaction wis stopped hy addition of ~PrOH. Usnal
wirk-up followed by sibew gel eolniin chromatography of the
ernde prodnet obiained gave 5 and 2 in 0.2 g and 0.6 g vields,
respecdvely.  Componnd 5, recrvstallized fyom acetone, melted
ALIN2-183° 0 ASY gss, 1734, 1706, 1074, 1023 em ™ nnr sihg-
lec< 33 T1) al D80, 1.1E, 1.20, septel (1 IT) ut 4.82, singlet at 7.75
pp cUad, (Cs1TO0y) G, L Hvdrolyss of 5 in o refluxing
mixipre of aeetone and methannlic KO gave a glassy solid 4
in 60 mg vield. The ir spectrnin of 4 was superimposable with
the previnnsly reported mrinary imetabolite!
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Svnthesis of 1-(3’-V,¥-Diethylaminopropyl)-2-
alkylnaphth[l.2-dlimidazole-1.5-diones!

FoLoCaneona, J. T, Bracekwrnn, azvo Ho Wayyze Mo

Chencistey ard Life Sciences Laboralorcy.
Pesearceh I'viangle Instdote,

Rescacel icangle Pavk, Novil Carvoline 27704

Doceced Oclober 1, 16

The therapeutic netivity of the important 6-methoxy-
8-alkylaminoquinoline antimalarial agents (I) has been
attributed to their in #ivo conversion into 3,6-quinoline-
quinones (I1).** This information in combination witl
the fact that certain imidazole and benzimidazole
derivatives have <hown =light antimalarial aetivity®s
ledd us to prepure =ome 4-{3’-V, N-diethylaminopropyl-
aminoy-3-acylaming-1,2-nuphthoquinones (111) and 1-
CU- NV -diethyvhuninopropyli - 2 - alkyvinaphth[1,2 - |-

(1
CHO._ 1/\ 0O ~
NHR NHR
1 11

imidazole-4,5-dioves (1V) for evaluation as potential
antimalarial agents.

The synthetie procedure reported carlier* for thue
preparation of disubstituted naphth{1,2-¢]imidazole-
4.5-diones and outlined in Scheme [ wus used 1o
synthesize the compounds III and IV listed in Tables
[ and II, respectively. Specific N-monoacviation of
3-amino-1,2-naphthalenediol  hydrochloride (V) fol-
lowed by oxidation gave the 3-acylamino-1,2-1aphtho-
maphthoguinones ¢(VI).  The addition of 3-diethyl-
aminopropytamine to VI in CHC; followed by exposure
of the reaction mixture to O, gave the addition products
IIT. Treatment of IIT with reflusing AcOH followed
by chromatography on ALO; afforded the imidazole
derivatives IV,

Compounds [1Ib and ¢ and IVa, b, d, e, und f were
screetied  for potential antimalarial aetivity against
Plasncodiv beeghed i mice”™  Compounds IIIb and

vy This invesiigathin was carried ont under Contract No. DDADA-17-i3%-
C=8055 with rhe Deparcnent of the Army and the U. X, Army Reseamh
aml Developmem Command. ‘Uhis paper is Coneibnrion No. 708 from 110
Army Research Program nu Malaria.

21 tay FooSchonhofer, Z. Physiol. Chem.,, 274, 1 (19421, (L) N, L. Dk
and Yo T Praw, J. Amer, Chem. Soc., 13, 544 11651, o
Jo Greenberg, D J0 Tavhy, and W L. Bami, J. Phiosaseo), Eaepo Thev.
108, 7 114951). H1r 1. S dosephson, . J. Tavlor, J. Greenbery, il AL Y
Ray, Peoe. Soe, Hrpo Biol. N Y. T6, 700 (1a510.

i3y Sehinhisfer posinlated thal the action of 6-Ipethoxy-8-sminoqninolinme.
wias relaterl 1o the formation »f yyuinsnoid prodoets in the hose (ref 20
16 vitre sandies reported hy Drake and Prate supporeed Sehianhdfer's hypovhe
sis (ref 2b1. Aditional sapporting evidence was Lronghe farch hy logephsn
et wi. tref Zej, when (hey identified a highly active pamarine metahobie as
che A6 qainolinespainone slerivative. o ritro tests showed that ils ami-
malarial activiey wrainse /% golliuucenm was abont 36 1hmes 1hal of puina-
anine (ref 215,

H 1 Y. Wikelugle, v Sarvey of Antimalarial Drngs:
Vol. T 0,0 WL Iabwards, Ann Arbor, Micle., 1946,

i ‘_’.2l-(\'in.\’lf'uwli-;/-]nlu-n,\iem-}hisu-meth,\'limi(lazul(-.' showed a g
nine egivalent of 10Q awl s-zhloro-1-id-diethylamino-1-muthylbnty) -
henzimidazole showm) an acvvity of 0.4Q against 1. lophrae in 2hin-ks
sref 43,

(6) I. L Carvolland J. T, Blarkwell, vy he published in J. Heterovypd, (heus

(7y Testing was casriesl vt Ly Dr, 1. Rane of the University of Migmi.
Miami, Fla.

181 T R Osedene, I 1 Russell, awel Len Raue, J. Yed, Chem., 10, 11

19675,

loseplisor,

g -5,
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TaBLE T
4-(3’-N,N-DIETHYLAMINOPROPYLAMINO )-3-ACYLAMINO-1,2-N APHTHOQUINONES (IIT)
Compound?® Recrystn % Molecular
111 R solvent Mp °C yield? formula®
a CHs CH;CIZ—EtOAC 144—148 47 Cl sH%NsOs . OSHQ()
b CH3(CHa), CH:Cl.-EtOAc 149-151 46 Co3H3sN305-0.5H0
c CGH;’)CH? d
d 3,4,5-(CH;0)s- d
CeH.CH.,
e CGHJCH=:CH CH:Clz—EtO.AC 148-150 70 CQGH?BNSOK ‘ 025H‘20
f CeH(l(CH:)s CsHe 127-128 40 C27H39N303'0.25H20
g CeHu CI{‘_‘CIQ_EIOAAC 156-158 59 C%HsstOs . 025H20

o A typical procedure is given in the Experimental Section.
11).  “ These compounds were hot obtained analytically pure.

TagrLe IT
1-(37-N,N-DIETHYLAMINOPROPYL)-2-
ALKYLNAPHTH[1,2-d]IMIDAZOLE-4,5-DIoNES (IV)

Com:
pound (A Molecular
Ive R Mp, °C yield? formula®
a CH; 143-147 66 C1sHN;50,
b CH';(CH? )4 138—141 72 023H31N302
e CeH,CH, 141-143 124 CosH N30,
d 3,4,5-(CH;0 )= 176-179 404 CusHasN;0;
CsH.CH,
e CeH;CH==CH 193-196 24 CesHarN;02
f CeH,,(CH,); 119-121 60 CyH3:N; 02
g CSH” 121-124 33 C24H31N302

@ A typical procedure is given in the Experimental Section.
® Based on pure compound isolated. ¢ Analyzed for C, H, N
(see ref 11). 4The intermediate 3-alkylamino-3-acylamino-
1,2-naphthoquinone was not isolated in these cases and the yield
is based on starting 3-acylamino-1,2-naphthoquinone.

ScaEME 1
OH 0]
OH RCO.H 0
OO DC1, Et,N,FeCl, O‘
ItIHJCI NHCOR
v VI
(1) iC,H,»N(CH,},
NH,, CHCl,
(2) 0,
0] 0]

0 0
h
N et NHCOR

(C:H,-,)._.l\'(CH_,-)‘J\'——‘”\R NH(CH.),N(C.H;),
v II1

¢ and IVa-f were also evaluated for activity against
chicks infected with Plasmodium gallinaceum.”® None
of the structures prepared in this study were considered
active in either the forementioned rodent or avian
screen.” 10

(9) Test results were supplied throngh the courtesy of Dr., B. T. Poon,
Dr. T. R. Sweeney, and Dr. David P. Jacobus, Walter Reed Army Institute
of Research, Washington, D. C.

(10) In addition to the compounds prepared in this report, several 3-
acvlamino-1,2-naphthoquinones, 4-alkylamino-3-gcylamino-1,2-naphthoqui-
nones, and 1,2-disubstituted naphth(1,2-d]imidazole-4,5-diones described in
an earlier publication (ref 6) were also screened against P. berghei and P.
gallinaceum. These classes of compounds were uniformly inactive in these
tests,

b Based on pure compound igolated.

¢ Analyzed for C, H, N (see ref

Experimental Section!!

Melting points were determined on a Kofler hot stage micro-
scope using a calibrated thermometer. TUv and visible spectra
were measured on a Cary Model 14 spectrophotometer. The
visible spectra were obtained only in MeOH. Nmr spectra were
recorded on a Varian Model A-60 (MedSi). Ir spectra were mea-
sured with a Perkin-Elmer 221 spectrophotometer (KBr).
Mass spectra were determined on an AET MS8-902 spectrometer.
Microanalyses were carried out by Micro-Tech Laboratories,
Skokie, TlI.  All uv, ir, umr, and mass spectra are in agreement
with the assigned structures,

3-Amino-1,2-naphthohydroquinone hydrochloride (V) was
prepared according to the procedure of Groves.!t A 150-g
sample of V as well as 3-diethylaminopropylamine was supplied
through the courtesy of Dr. B. T. Poon of the Walter Reed Army
Institute of Research. 3-Acetamino-, 3-(3,4,5-trimethoxyphenyl-
acetamino)-, 3-cinnamoylamino-, and 3-(4-cyclohexylbutanonyl-
amino)-1,2-naphthoquinone were prepared as reported in an
earlier pablication.b

3-Hexanoylamino-1,2-naphthoquinone.—To a suspehsion of
4.24 g (20 mmol) of 3-amino-1,2-naphthalenediol- HCI and 20
mmol of the appropriate carboxylic acid in 80 ml of EtOAc¢ was
added 2.02 g (20 mmol) of Et;N followed by 4.14 g (20 mmol) of
DCI. The mixture was stirred at 25° under N: for 6 hr and filtered,
and the filtrate concentrated on a rotary evaporator. The residue
was dissolved in 100 ml of EtOH, cooled in anice bath, and treated
with a cold solution of 12 g of FeCl;-6H,0 in 100 ml of H.O
containing 1 ml of concentrated HCL. The mixture was ex-
tracted with CHCl;. The CHCI; extracts were dried (Na.SO,)
and concentrated to give the 3-acvlamino-1,2-naphthoquinones
as dark solids. The products were purified by recrystallization

(EtOH). The new 3-acylamino-1,2-naphthoquiones prepared
are listed in Table III.
Tapre 11T
3-ACYLAMING-1,2-NAPHTHOQUINONLES
Com-
pound?® % Molecular
VI R Mp, °C yield® formula®
b CH;(CHz)s 156-138 32 CieHN Oy
c CeHs,CH:d 174-176 dec 37 CmHmNOs
g CeHl( 133—156 16 C17H17N03

@ A general procedure iz given in the Experimental Section.
b Based on pure compound isolated. ° Analyzed for C, H, N
(see ref 11). ¢ A solution of 6 g of Na,Cr,O;7 in 140 m] of 2 N
H,804 was used in place of FeCl; as the oxidant.

4-(3-N,N-Diethylaminopropylamino )-3-hexanoylamine-1,2-
naphthoquinone (IIIh).—A solution of 4.58 g (16.9 mmol) of 3-
hexanoylamino-1,2-naphthoquinone and 2.20 g (16.9 mmol) of
Et,N(CH,);NH, in 200 ml of CHCl; was stirred for 7 hr at 25°.
It was concentrated on a rotary evaporator and the remaining
dark residue was dried under high vacuum. Recrystallization
of this solid from a CH,Cl, and EtOAc mixture gave 3.01 g
(469%,) of ITTb, mp 149-151°. The analytical sample prepared
(11) Where analyses are indicated only by symbols of the elements,
analytical results obtained for those functions were within £0.4% of the
theoretical values.
(12) C. E, Groves J. Chem. Soc., 291 (1884).
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by reeryvstallization from the salne solvent systems had mp 150
15200 »XM 3265 (NH), 1690 (amide 1), 1665 (C==0), 1615 and
1390 (C==C), and 1330 cm=¢ (amide 1T ASE™ 230 iy (e %
1075 = 17.8), 27% (1%.6), and 455 3.7).

The 4-03-V,N-diethvlaminopropylamibn-s-neylanunn-1,2-
vaphthoquihones Lsted in Table 1 were syuthesized by an
analogoas procedore.

1-(3'-V,V-Diethylaminopropyl)-2-pentylnaphth}1,2-/| imid-
azole-4,5-dione (IVb).-—-A =olntion of 2.51 g, 6.1 mmol, of IITH
in 200 ml of AcOH wax refluxed for 0.5 hro It was concentrnted
Ly freeze-drying and the remaining residne was chromatographed
on 400 g of ALO, asing CHCly as the ehiear. A red band was
collected. Removal of the CHCL vn o mytary evaporatoy followed
by recrystallization of the remandug red erystals from EtOAe

gave 1.69 g (727 v of TV, mp 138-141°. The analvtical samiple
prepiired by reervstalizatian from E1OAe had mp 140-142°,
ok 16711 em ™ (C==0); ALC261 g Ye X 10T 22,6y, 269
(2200 and 449 (141 AP 0g 0025 AT 254 24y
AT 061 (2208) and 268 12DS1 0 AT U3 19.ga it e
240 117.0) and 260 (14,61 A ’()' (L

The 1-(3'-N, N-diethyluninpropyli-2-

alkylpaphth(1,2-051anid-
azole~d 5-diones listed in Tuble 1T weee svathesized by an analo-
gons plrocedire.

Acknowledgment. —We thank Dr. Monroe K. Wall,
Director of this laboratory. for his 1\11)d elicouragement
and support of thix work.

Analogs of Steroid Hormones.

III. Benzjelindene Derivatives'*

1. K. Juoay, Boxzn: Burwy,
Kuxny Kasen, aNh GorRDON WEBB

Department of Chemstry, University of Montanu,
M (ssoula, Montana 59801

Received August 1, 1964

In view of the reported antiandrogenic activity of a

7-ucetv1-2(3H)- phenanthwne derivative,* we became
interested in preparing benzlelindene unulogs for
purposes of comparison. We were also interested in

developing methods for preparing ecompounds having
angular ecarboalkoxy and carbinol groups. Starting
with 3.4-dihydro-6-methoxyv-1(2H)-naphthalenone (2),
suitably  substituted benzle]inden-2-one derivatives
were first prepared using Scheme I, Alkylation of the
starting ketone with propargyl bromide followed by
hydration of the produet alkyne appeared to be the
most convenient approach for the introduction of v
propanone side chain.  The method has been used by
Islam,* Dauben® and coworkers, but only on 8-
keto esters using alkoxide eatalyst=. We also wished to
use the method on ketones such ax 4, whieh require
more basic conditions for alkyvlation.

Catalytic hydrogenation of 9 and 10 produced mix-
tures from which both ¢/s and trans izomers could be
isolated and compared. All attempts to obtain both
isomers of 11 from 8, however, were unsuccessful,
although five different methods involving catalytie and

(1} Supported, in part, by Grant CA-03077, National Cancer Institnie,
National lnstitates of 1Tealcl:.

(2) For the previous paper of this series, zee R. E. Juday.,
J. Mazur, and B. Bukwa, J. Med, Chren., 11, 872 Y1068).

{31 I.. O. Randall ami J. I. Selitto, Euadocrynology, 82, 689 (1938).

43 A, AL lslam and R. N, Raphael, J. Chem. Soc., 4086 (1952).

3 WL G Dadben, J, W, Melariaml, aml J. [}, Rogan, J. Org. Chem., 286,
207 (.

L. Cnbbage,

Vol ¥

chemical were used, including one veduction in which
the double bond was =hifted to the ends position”

These hydrogepation result= are intermediate be-
tween  those of <imple hyvdrindenones and  L6-ketn
steroid snalog~. Augnstine™ found that the Tornuer
formed only o somers even when an avgular earbao-
metboxy zroty: was present. Wilds snd onrsehves?
bave found both eiv and feans isomers formed from the
hvdrogenation of AM-16-keto sterolds, even when no
angliko graup was present. Augustine proposcd o
multistep process in which the eatalvst substrate con-
plex is less hindererl in the eis (()nflgul'utl()l). Wild~
attributed same oi his vesults ty sterie inhibition af
sd=orption on the catady<t by the apgula group, thies
resulting in the foration of feans Isomers.  This could
exploin the results 7raa the hyvdrogenation of 9 and 10,
but the failure 1o obtian sy feaps isomer of 11 by any
of the above tcthids could be explained by thermo-
dvinaie comral ar the reduction to give the more
stable ers 1somer with the bydrogevations oecurring by
some multistep process.

L an uttempt o clinge the xomer ratios obtuined,
the hydroborutinns ar 8 und 9 were studied.  The boron
residites were removerl by neetolvsix to produce mix-
tires of the dketiess 14 and 150 1t proved impossible

H
—
R
CHO
14 R=H 16.R=H
15 R=UH 17.R=CH

to remove B without joxs< of the O functions.  Apalysis
of 14 and 15 by glpe <howed that all four possible
lxomers werts present i substantial amounts in each
caxe.  Analysis showed that 16 contained about equal
amounts of the eix :<m1 teans Isomers, while 17 wax 70¢,
trans.  Conversion of 11 1to 16 pmdu(ed =ingle
lzomer, correspataling 10 the faster moving isomer on
glpe, and thus mav be assigned the ¢is configuration.
The siv and fians isomers of 12 and 13 were dis-
tinguished by the following method.  Since the fears
1somers sre morve highly strained than the s, the
carbonyl streteh bands 1y the ir speetra <hould have the
higher frequeney. ™ The actual frequencies were 1747
and 1741 ¢ 7 jor the presumed feans omers and
1742 apd 1737 em 7 for the els somers, respeetively.
The half-height swidth of the angular methy] peakeoin the
pmr spectruim of the presumed teans iomer of 12 was
also greater thei o ofs by 0.2 ep=.'2 % The configura-

iGe NG B Fadoreni cheo L Cuappaggi, ML Lirde, M. W0 Golidbers, alnt
R. W Kiersieasl, J. 3ed Civue . 9, 304 01966). This teclminpe, ase] onihe
Lhenantlirene gnelog nf 8, gave 1iie b isomer excelusively.

17y R Lo Aoxustine awl N D Bromn, J. Oeg, Chem., 28, 802 {10601,

(8) A, L. Wihls, 1D, Zeit=ehel, R. Sutton, and J. Johnsan, Jr., 06 19,
I55 11uhd

g) R. L. Jinliey wmi Donme Lukwa, unpublished resnles.

(103 For more compbivie discussivn of the stereochemistry of Lhe reduction
of cyulic ketones, sce: s 11, L. Angnstine, "'Catalytic Myrlrogenatinn,”
Marcel Dekker. lTue.. Newo Yurk, N. Y., 1963, pp 61-62; (b) R. L. Angnstine
and J. Van Pellen. Ao, NV, lewd. Sei., 168, 482 (1969): te) 1. O.
Honse, “Molern Svnlheoic Regctinns,” W. A, Benjamin, Inc., New York,
N. Y., 1963, e 16-22.

11y N B Coltleas Lo 1L Dapvcand 8. B Wilherly, “Introdocliong i
Academnie Press, New York, N. Y.,

Infrared aml Ramun Spevirascopy,”
164, P 239-241.

i12) M. Robinson, Toradydrne Lett., 1685 (1965).

(I . Williamgses. 5 Hhneed), amd T. Spencer, J. Amer. (hept. Sov, | 88,
REHESRIUH



