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= (CH2)2N(C2H5)2.—Compound 3 (70 g. 0.30 mol) was dissolved 
in 850 ml of xylene and added over 15 min to a cool mixture of 
EtjXCCHOaOH (0.60 mol and 2 g (0.10 g-atom) of Na. After 
refluxing for 5 hr, the condenser was disconnected and 100 ml of 
distillate collected. Fresh xylene (100 ml) was added and the 
reaction proceeded overnight. The solvents were removed until 
about 50 ml remained. After cooling, the residue was triturated 
with concentrated HC1 (200 ml) until a solid residue formed. 
This solid was dissolved in EtOAc-Et.O (5:1) and treated with 
20% NaOH until basic. The aqueous extracts were reextracted 
with EtOAc-Et 2 0 (2:1), and the organic layers were combined, 
washed with saturated XaCl, and dried (CaCl2). Evaporation of 
the solvents and treatment of the residue with alcoholic HC1, and 
E t 2 0 and refrigeration, yielded crude 38 • HCl, which on treatment 
with C and recrvstallization from absolute EtOH gave 17.4 g, 
16.5%, of 38, mp"l90-191°. Anal. (C,3Ho7ClX202) C, H, CI, N. 

Method B. 3-(3-Dimethylaminopropyl)-9-methyl-l,2,3,4-
tetrahydrocarbazole-3-carboxylate (42s [V, B' = CH3: R 
= (CH2)3N(CH3)2l.—Compound 12, 48 g (0.20 mol), was dis
solved in 150 ml of absolute EtOH and added to a solution of 
KOH (11.2 g, 0.20 mol) in 250 ml of absolute EtOH. After 
refluxing for 1.5 hr, the solvent removed in vacuo, the K 
salt (III, R ' = CH3; R = K, 16 g. 0.07 mol) was suspended in 
300 ml of dry toluene, stirred, and heated to reflux, and 10 g (0.07 
mol) of (Me)2N(CH2)3Cl in 50 ml of dry toluene added over 1 hr. 
After 8 hr an additional 5 g of chloride was added and the mixture 
refluxed for a total of 72 hr. The mixture was cooled and worked 
up in the usual manner. Distillation produced an oil, 13.4 g, 
60.9% [bp 180-187° (0.07 mm)]. Anal. (Ci9H.2«N..02) C, H, N. 
The hydrochloride o f42hadmp 188-190° (EtOH). Anal. (Ci9-
HjjClNiA) C, H, CI, N. Compounds 40-45 in Table III were 
synthesized by this method. 

3-Diethylcarboxamido-l,2,3,4-tetrahydrocarbazole (45).—To a 
500-ml aliquot of the acid chloride of III I'R = R ' = H, ca. 
30.6 g, 0.14 mol) in a 1-1. flask was added a 3 M excess (30.7 g) 
of Et2XH and the solution refluxed for 1 hr. After cooling, the 
solution was washed (10%, HCl, H2O. 10% XaOH, and saturated 
XaCl). The organic layer was dried (Xa2S04) and evaporated 
to an oil which, after distillation [bp 215-220° (0.2 mm)], solid
ified into a glass; yield, 22 g, 69.9%. Recrystallization pro
duced crystals, mp 130-131° (Et-OI. Anal. (C17H22X2O) C, H, 
X. 

3-Diethy!aminomethyI-l,2,3,4-tetrahydrocarbazole (46) (VII). 
—The amide 45 (6 g, 0.02 mol), dissolved in a mixture of dry 
C6H6 (100 ml) and anhyd E t 2 0 (100 ml), was added to a solution 
containing 3.5 g of LAH in anhyd Et 20. After refluxing 
overnight, the mixture was decomposed with H 2 0 and worked 
up in the usual manner. The residue was distilled [bp 150-155° 
(0.5 mm)] to produce a yellow oil, 4.5 g (87.9%). Anal. (Cn-
H24X2) C, H, X. 46-HC1 had mp 221-224° (EtOH). Anal. 
(C„H2oClX2) CI. 

3-Hydroxymethyl-l,2,3,4-tetrahydrocarbazole (47).—Reduc
tion of 12.5 g (0.05 mol) of 3 with 7 g of LAH occurred on refluxing 
overnight. The carbinol, 47, mp 95.5-98.° (Et20-ligroin), 9.7 g, 
92.4%, was obtained on distillation of the residue [bp 167-177° 
(0.1mm)]. Anal (C13Hl:,X0) C, H, NT. 
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Very recently, we have demonstrated that in rabbits 
17a-methyltestosterone, a more potent androgen than 
testosterone in oral therapy, is converted into 16-
oxygenated 17a-methyl-5/3-androstanes, 1 and 4, in 

high yields, and 6 in very minor yield.1 The preferential 
formation of the 16^-hydroxy-5/3-steroid to its 16a-
hydroxy isomer was the first instance with respect to 
the metabolism of Ci9 and other steroids in the animal 
body and seemed to be attributable to a steric effect of 
the 17a-Me since 16-hydroxylation of Ci9 steroids is 
known to occur at a in vivo2^ and in vitro.i~li Our 
attention, therefore, has been focused on the role of the 
17a-Me in the conversion of 17a-methyltestosterone 
into 1 and interconversion of 1 into 6 through 4. 
Further systematic investigations on this problem were 
required on these 16-oxygenated steroids, of which 1 
has already been synthesized in good yield from 3a, 17-
dihydroxy-5/3-androst-16-ene diacetate.1 We now wish 
to report the synthesis of 4, 6, and their derivatives. 

R0-' RO-' 

1,R1 = R 2 = R 3 = H 

3,R1 = C0Ph;R2 = R3 = H 

OH 

6,R = H 
7,R = Ac 

8,R = H 
9,R = Ac 

AcO'' AcO' 

10 

.OAc 

The 16a-hydroxy steroid 6 was synthesized by the 
acid treatment of 10,1 followed by the Grignard reaction 
of the resulting 16a-acetoxy-17-ketosteroid 11. The 
reaction of 11 with MeMgl did not proceed stereo-
selectively and gave a mixture of two triols, 6 and 8, in 
a ratio of 3:1, while the same Grignard reaction of 16-
epimer of 11 resulted in specific production of 1. This 
indicates an interfering effect of the 16a-OH on the 
a-side attack of the reagent at the 17-C=0. Assign
ment of the structures of both triols was carried out by 
the acetonide formation test and comparison of chemi
cal shift value of 18-Me protons of their diacetates, 7 

(1) T. Watabe, S. Yagishita, and S, Hara, Biochem. Pharmacol., in press. 
(2) R. Neher and G. Stark, Experientia, 17, 510 (1961). 
(3) W. E. Easterling, Jr., H. H. Simmer, W. J. Dignam, M. V. Flankland, 

and F. Naftolin, Steroids, 8, 157 (1966). 
(4) A. H. Conney and A. Klutch, J. Biol. Chem., 238, 1611 (1963). 
(5) G. Pangels and H. Breuer, Naturwissenschaflen, 49, 106 (1962). 
(6) W. L. Heinrichs, H. H. Feder, and A. C61as, Steroids, 7, 91 (1966). 
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and 9; only 8 gave the corresponding' acetonide which 

showed characteristically increased R; values on tic, and 

the chemical shift value of the 18-CH3 of 9 was smaller 

than that of 7. 

The l(i-ketosteroid 4 was synthesized from 2 which 

litis been previously described, through a three-step 

sequence involving mild hydrolysis of the isopropyli-

denedioxy group, followed by oxidation of the resulting 

HkU7/i-glycol 3 with cold dilute Jones reagent. The 

l(i-ketosteroid 4 obtained was a glassy solid as observed 

with the urinary metabolite, their ir spectra being 

stiperirnposablo. 

Experimental Section 

All inciting points were taken with a micro melting point 
apparatus and are uncorrected. The ir data were obtained on a 
Hitachi spectrophotometer. Nmr spectra were determined on a 
Varian HA 100 spectrometer in CDCls using TMS as an internal 
standard. Elemental analyses are indicated only by symbols 
of the elements, and analytical results obtained were wiihin 
=r0.4r,' of the theoretical values. 

3a,16a-Diacetoxy-5fJ-androstan-17-one t i l ) . To a cold solu
tion of 10 (5 g) in AcOH (HO ml) was added dropwise a cold 
mixture of AcOH and GO'', IKK)., (.">:! ml). After ."> hr, the 
reaction mixture was diluted with Kt*0, washed (")', NaHOO;) i, 
and dried «XiioSO,). Evaporation of the solvent gave a solid 
which was recrystallized from M'r-jO to yield o.S g t'76',r) of 11: 
mp \<Xi 104°:*A^ r 1747, 1244 i n f 1 : nnir 0.06 (6 H, si, 2.0.*) 
(••', II, s), 2.14 C) II, s), 4.74 (1 II, septet i, .").:>,!> ppm (I H, d, ./ = 
7.."):. Anal. ((.'»Hi,0;,! C, II. 

17«-Methyl-5tf-androstane-3ff,16a,17rj-triol '6). Compound 
11 !)i.5 g) was treated with rS.O equiv of MeMgl in alts Kt,0 in 
the usual manner. The crude product obtained showed two 
spots at Hi values of 0.55 and 0.31 on silica gel tic obtained in 
(\illf, EtOAc (1:2;. The mixture was then resolved on a silica 
gel column using CJI,, .MeAc (4:1 > as an eluent : compound 6, 
the lower IU material, was obtained as (lie second eluate in 2.1 
g !7o'.'(•) yield after elation of the higher Iti material and re-
crystallized from MeOH : mp 220-221°: \,'^;:-i416, 105.S, 103!) 
cm- ' ; Anal. iC^UnO.,) C, H; nmr of diacetate 7: singlets 
<;•', ID at 0.114 (l.'l-CH:,), 0.97, 1.0!), 2.04, 2.12, septet (1 Hi at 
4.74, doublet (1 H, ,/ = !)) at 5.02 ppm. 

17,d-Methyl-5fS-androstane-3o:,16a,17a-triol (8). Compound 8 
was obtained in 0.0 g C2lr

(.) yield as the first eluate from the 
column mentioned above and recrystallized from MeAo-MeOH: 
mi)241-242°: Anal. (C.,,jH:i4()3) C, H : nmr of <liacetate9: singlets 
Ci Hi at 0.72 iKS-CH:,;, <).!)."•, 1.16, 2.0:!, 2.1.'?, multiplet (2 Hi at 
4.!)!) ppm. Treatment, of 8 with acetone containing a catalytic 
amount of IICIO4 (1 drop of the 6 0 ' , acid to 10 ml of M'eAc) 
increased its A'f value from ().:>! to 0.72 on tic obtained as men
tioned above, while 6 showed the unchanged A't before and 
after the same treatment. 

3«,170-Dihydroxy-17a-methyl-o/i-androstan-16-one (4). A 
suspension of finely pulverized 2 l (2 g) in a mixture of 5 X HC1 
(5 ml), MeOH (50 ml), and acetone (100 ml) was refiuxed for 2 
hr. The reaction mixture, which turned into a homogenous 
solution, was neutralized (XaHC().:l) and filtered. The crude 
product obtained on evaporation of the solvent from the filtrate 
was recrvstallized fiom .MeOH-AeMe to give 3 in 1.2 g (66 r , .1 
yield: mp 245-247°; \™l 3521, 1(598, 1284, 1073, 1056, 724, 
710 r n r 1 . Anal. (C . -HKCV) C, H. Compound 3 (1.2 g) was 
dissolved in a mixture C6H6-A<"Me (1 :2: 50 ml), cooled at —3°, 
and treated dropwise under stirring with a cooled and diluted 
.Jones reagent, consisting of 160 mg of CrO;l, 1 ml of H20, 0.1 
ml of II2SO4, and Ac.Me to make a final volume of 10 ml. After 
10 min, the reaction was stopped by addition of /-Pt'OH. t sua l 
work-up followed by silica gel column chromatography of the 
crude product obtained gave 5 ami 2 in 0.2 g and 0.6 g yields, 
respectively. Compound 5, recrystallized from acetone, melted 
at I,N2-1,S3°: \,'^'34HS, 1754, 1706, 1074, 1023 cm- 1 ; nmr sing
lets (3 II) al 0.S0, 1.11, 1.20, septet (1 II) at 4.82, singlet at 7.75 
ppm. Anal. (C'STHSBOI) (', II. Hydrolysis of 5 in a reflttxing 
mixture of acetone and methanolic KOIT gave a glassy solid 4 
in 60 mg yield. The ir spectrum of 4 was superimposable with 
the previously reported urinary metabolite.1 
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The therapeutic activity of the important (i-methoxy-

8-alkylaminoquinoline antimalarial agents (J) has been 

at t r ibuted to their in riro conversion into 5,()-quinolino-

quinones (II).--3 This information in combination with 

the fact that certain imidazole and benzimidazole 

derivatives have shown slight antimalarial activity4"' 

led ns to prepare some 4-(:V-A7,A7-<liethylanunopropyl-

aniino)-r>-acy]amino-l,2-naphthoquinones (III) and 1-

Ci ' -V.A-diethylaminopropyli - 2 - a lkylnaphth[ l ,2 - - / ]-

CH.O. 

XHK 

imidazole-4,,")-diones (IV) for evaluation as potential 

antimalarial agents. 

The synthetic procedure reported earlier''1 for the 

jtrepanition of disubstituted iniphth[l,2--/]imidazoIe-

4,.")-diones and outlined in Scheme I was used to 

synthesize the compounds III and IV listed in Tables 

I and II, respectively. Specific N-monoacylation of 

3-amino-l,2-naphthalenediol hydrochloride (V) fol

lowed by oxidation gave the 3-acylamino-l ,2-naphtho-

naphthoquinones (VI). The addition of 3-diethyl-

aminopropylamine to VI in CHC13 followed by exposure 

of the reaction mixture to 0 2 gave the addition products 

III. Treatment of III with refluxing AcOH followed 

by chromatography on A1203 afforded the imidazole 

derivatives IV. 

Compounds I l lb and e and IVa, b, d, e, and f were 

screened for potential antimalarial activity against 

Plasmodium berghei in mice.7-" Compounds I fib and 

i l l Th is inves t igat ion was carried out unde r C'ontrai'l No. DADA-17-t>S-
O-80.*.* with the D e p a r t m e n t of I.lie Army and the U. S. Army Research 
and Deve lopment C o m m a n d . This paper is C o n t r i b u t i o n \ ' o . 70S from the 
Army Research P rogram on Mala r i a . 

i.2> (a; F. Schonhofer, Z. Phyriol. Chem.. 274, 1 ily-12). (I.) X. I,. Drake 
and V. T. P ra t t , .7. Amer. Chem. Hoc, 73 , 544 l 19*)]), lc) K. S. .Joscphsoti 
J. Greenberg . D. .1. Taylor , and H. I,. Bami . ./. I'lmrmnrol. Ksp. Thrr.. 
103, 7 (1<--)]J. id) I-). S. .loseplison. D. .1. Taylor , .1. Greenberg , and A. P. 
Hay, 1'rijr. .So,-. KIII. Biol. S. ) ' . . 76, 700 (1951). 

(t>) Schonhofer po>tu]ated t'tiat the ac t ion of t>~methoxy-8-ammo,|Uinuline.-
was related to lite format ion of quinonoid p roduc t s in the hosl (ref 2ay 
In ritro st udies repor ted by D r a k e and P r a t t suppor t ed Sehonhofer ' s hypo the-
-sis (ref 2b). Addi t ional suppor t ing evidence was brought forth by Joseph son 
ft <il. {ref 2c). when they identified a highly ac t ive p a m a q u i n e metabol i te a> 
the 5 ,o-quinol inequinone der iva t ive . It. ritro tes ts showed that i is ant i 
malar ial ac t iv i ty against / ' . yuttinaceum was about lit t imes that of pama
quine (ref 2d i . 

14! 1". V. Wiselogk-. "A Survey of Ant ima la r i a l D r u g s : 11)41-11)1.",' 
Vol. I I . .1, W. I'd wards, Ann Arbor. Mich. , 1946. 

t.~),i 2.2 •! Viny]euedi-yj-phen,\ ' ene)bis (4-methyl imidaxole l showed a ipii 
nine equivalent of 10Q and *>-chioro- l - (4-die thylamino- l -methylhutyl i-

wed an a c t i v i t y of 0.4Q agains t I', toptmrar in dut-lv benzimida?.ole slu 
Iref 4 ' . 
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(7; ' r e s t ing wa< 

Miami , F'la. 
(8) T. •". Ostiet 
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